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ABSTRACT
One hundred and sixty thousand people in England and Wales die from coronary 
heart disease each year. Thirty three percent of males, and 15% of females are 
under the age of 65, and 25% of these patients die before reaching hospital (Rose 
1981). These observations illustrate the need for improving methods of dealing 
with pre-hospital cardiac arrest.
In the United Kingdom, progress in developing methods of coping with cardiac 
arrest in the community has been slow compared with the United States. Few 
controlled studies have been performed, and no previous research has been carried 
out in London.
This thesis concerns different strategies for dealing with pre-hospital cardiac arrest 
in London, it is presented in several parts.
Part One is a retrospective study, describing a pilot scheme initiated by the 
London Ambulance Service, involving a small group of ambulance staff who had 
been trained in all advanced cardiac life support skills. Sixty two victims with 
cardiac cause of arrest were treated, 4/62 (6%) survived to leave hospital. It was 
concluded that the time between collapse of the victim in cardiac arrest and 
definitive care was too long for survival in most of the patients studied. The 
ambulance staff trained were found to be proficient in BCG rhythm recognition 
and drug administration, but errors in their application of skills further increased 
the time to definitive care.
In Part Two, the use of automated external defibrillators by minimally trained 
ambulance staff is investigated. Of 186 cardiac arrest victims treated, six (3%) 
survived to be discharged from hospital. The automated defibrillator used was 
found to be accurate in ECO rhythm recognition. The ambulance staff were able to 
operate the device effectively following training, but again, avoidable delays in 
treatment of patients secondary to the actions of the ambulance crew were 
identified.
Neither of the strategies described in Parts One and Two (advanced cardiac life 
support, or automated defibrillation only) appeared superior in terms of patient 
outcome. However, inadequate numbers of survivors proved to be a limitation of
both studies, and prevented meaningful comparisons. It was concluded that 
different strategies for dealing with pre-hospital cardiac arrest in London should be 
employed, in addition to definitive care provision by the regular ambulance 
service.
Part Three explores this possibility, by investigating acquisition and retention of 
the skills of automated defibrillation in St John Ambulance volunteers. Results 
showed that both trained nurse and lay St John volunteers were equally able to 
acquire and retain the essential skills of automated defibrillator use following a 
brief training programme.
In future, the most benefit will "be achieved by investigating ways of reducing the 
time interval between collapse of the victim in cardiac arrest and provision of 
definitive care in London.
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DEFINITIONS 
Adult Person over 16 years of age.
Asystole No evidence of organised ventricular electrical activity; or disorganised 
electrical activity with a deflection of less than 1mm amplitude on the surface ECG
Basic Cardiopulm onary Resuscitation (Basic CPR) In this thesis, basic CPR 
defined as the attempt to restore effective circulation with external compressions of 
the chest wall, and artificial ventilation of the lungs using expired air with or 
without airway adjuncts such as the Brook airway or a facemask (if basic CPR is 
being administered by a lay person), or oxygen, via airway adjuncts, such as the 
bag-valve-mask or mechanical resuscitator (if administered by ambulance 
personnel).
C ardiac Aetiology (presumed) Arrests were considered "presumed cardiac 
aetiology" if the post mortem report, death certificate (if post mortem was not 
performed) or hospital record declared the cause of death to be due to primary 
heart disease (ICDA codes 410 to 414)
Electrom echanical Dissociation organised electrical activity on the surface ECG 
with no detectable pulse
Em ergency M edical Technician (EMT) This is the name given to minimally 
trained emergency personnel responsible for staffing ambulances in North 
America. They are trained to provide basic CPR, including use of airway adjuncts.
No neurological Im pairm ent Pre-arrest neurological status restored.
Param edic Emergency ambulance personnel who have been trained in Advanced 
Cardiac Life Support (ACLS) skills.
Severe neurological im pairm ent One whose central nervous system damage 
necessitates full time care in a hospital or nursing home, corresponding to The 
Glasgow-Pittsburgh Cerebral Performance Categories Three and Four (Cummins 
and Chamberlain 1990)
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Successfully resuscitated patient Patient who is admitted to hospital following 
cardiac arrest, regains consciousness and is without severe neurological 
impairment (but does not necessarily survive to be discharged from hospital)
Survivor A patient who survives to be discharged from hospital without severe 
neurological impairment.
V entricular Fibrillation Disorganised electrical activity with a deflection of more 
than 1mm amplitude on the surface ECG (calibrated to 1 mm/mV).
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ABBREVIATIONS
AED
Automated External Defibrillator 
A&E
Accident and Emergency Department 
ACLS
Advanced Cardiac Life Support 
CPR
Cardiopulmonary Resuscitation 
M CCU
Mobile Coronary Care Unit 
VF
Ventricular Fibrillation 
VT
Ventricular Tachycardia 
EMD
Electromechanical Dissociation 
EM T
Emergency Medical Technician 
REM T
Registered Emergency Medical Technician 
AEM T
Association of Emergency Medical Technicians 
GP
General Practitioner 
DHSS
Department of Health and Social Security 
NHSTA
National Health Service Training Authority
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PART ONE
A DESCRIPTION OF AN ADVANCED CARDIAC LIFE SUPPORT 
SCHEME IN THE LONDON AMBULANCE SERVICE
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INTRODUCTION TO PART ONE
The National Health Service Training Authority (NHSTA) released guidelines 
regarding the extended training of ambulance staff in 1987. Training was 
advocated in all aspects of advanced cardiac life support (ACLS): endotracheal 
intubation; intravenous cannulation and infusion; electrocardiographic (ECG) 
rhythm recognition; defibrillation and drug administration.
American studies have shown that the factors most predictive of survival from 
pre-hospital cardiac arrest are; witnessed arrest, cardiac rhythm of ventricular 
fibrillation or ventricular tachycardia, and time from cardiac arrest to basic and 
advanced life support (Eisenberg and Bergner et al 1979a). These factors are 
influenced by the nature of the community and the ambulance service system. 
Thus, without the optimum community and ambulance service system 
characteristics, the level of training of ambulance crews will have little influence 
over patient survival.
No previous investigation into community and system factors,, or patient survival 
from pre-hospital cardiac arrest had been carried out in London. Without this 
information, it was not possible to predict whether adopting the full ACLS 
training strategy would be successful in terms of patient outcome. In addition, 
the potential demands on the ambulance service of ensuring optimum crew 
performance of ACLS skills and maintaining the scheme also needed examination 
before such a scheme was adopted.
Two years before the start of this investigation, a pilot scheme of ACLS training 
was initiated by the London Ambulance Service. Seventeen ambulance staff had 
been trained in all ACLS skills, and had submitted data from the cardiac arrest 
patients they had attended for two years following training. It was decided to use 
these data to describe community and system factors in London, patient outcome 
when treated by crews trained in ACLS, crew performance, and progress of the 
scheme since its inception. This part of the study is presented in two Chapters, 
relevant literature will be reviewed in each Chapter.
The aims of this part of the study are:
1. To describe community and system factors in London 
(Chapter One)
4 0
2. To describe the effects of training ambulance staff in London in all aspects of 
advanced cardiac life support, in terms of patient outcome (Chapter One), crew 
performance, and scheme outcome (Chapter Two)
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CHAPTER ONE
COMMUNITY AND SYSTEM FACTORS IN 
LONDON AND PATIENT OUTCOME
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1.1 LITERATURE REVIEW
1.1.1 The Development Of Resuscitation Ambulance Services
In The United Kingdom, 1966-1983
In 1948 it was known that most deaths following acute myocardial infarction 
occurred within twelve hours of the onset of symptoms (Yater and Traum et al 
1948). Later, it was found that 60% of deaths occurred within the first hour 
following symptoms (Bainton and Peterson 1963). In North London, 47% of the 
patients who died in the first 24 hours after myocardial infarction did so before 
the ambulance arrived (Nixon 1968). These observations prompted a series of 
studies from Belfast in the late 1960s (Pantridge and Geddes, 1966, 1967; 
Pantridge and Adgey, 1969; Adgey and Nelson et al 1969). The aim of these 
studies was to reduce the time between onset of major symptoms of heart disease 
and provision of medical aid, by providing prompt medical treatment for victims 
of heart disease, by means of a specially equipped ambulance staffed by trained 
doctors and nurses. This vehicle was given the name of "Mobile Coronary Care 
Unit" (MCCU). These reports were uncontrolled case series which did not 
attempt to scientifically compare the MCCU with conventional ambulance 
treatment, but the observations made provided the foundation for subsequent 
developments in pre-hospital cardiac care.
1. It was confirmed that ventricular fibrillation (VF) was the arrhythmia most 
commonly associated with sudden cardiac death*.
2. It was demonstrated that the risk of ventricular fibrillation was inversely 
proportional to the time from onset of symptoms, and that correction of 
ventricular fibrillation out-of-hospital was possible.
3. The influence of early prophylactic treatment in the prevention of arrhythmias 
was suggested.
4. Attention was drawn to the importance of early basic CPR provision by
bystanders.
*
Natural death due to cardiac causes, initiated by abrupt loss o f consciousness within 1 hour of 
the onset o f terminal symptoms, occurring in an individual who may or may not have known pre­
existing heart disease, in whom the time and mode o f death are unexpected" (Myerburg 1986).
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The difficulties of maintaining close liaison between hospitals, ambulance 
services and local General Practitioners and the provision of a suitably qualified 
medical team precluded widespread development of coronary ambulances in the 
United Kingdom. These limitations resulted in the trials of coronary ambulances 
manned by specially trained ambulance staff. The first use of ambulance staff in 
this role was reported from Dublin (Gearty and Hickey et al 1971), and then 
from Brighton (White and Parker 1973).
Studies from Brighton suggested that training of ambulance staff in cardiac 
monitoring, defibrillation, endotracheal intubation, intravenous infusion and drug 
administration was practically and financially feasible (Briggs and Brown et al 
1976). Successful out-of-hospital resuscitation was demonstrated and time 
between onset of symptoms and treatment was reduced (Mackintosh and Crabb et 
al 1978). Less quantifiable benefits were suggested, such as the influence of 
prophylactic drugs in reducing mortality, and the increased community awareness 
of the symptoms and treatment of heart disease which had been generated by the 
introduction o f resuscitation ambulances. As with the Belfast studies, the 
potential of the MCCU was suggested but a comparison of the outcomes of 
patients treated by specially trained crews and those treated by regular ambulance 
staff was not performed.
Such a comparison was attempted by investigators in Nottingham (Hampton 
1976). This trial was controlled, but patients were not randomised. Patients who 
were believed to be at a higher risk were allocated to the MCCU. Use o f the 
MCCU was associated with lower mortality but it was found that those patients 
selected for MCCU treatment because they were considered to be at a higher 
risk, were in fact lower risk patients. Many had been referred by General 
Practitioners, and had a longer duration of symptoms. The conventional 
ambulance dealt with more "999" calls, which included more cases of sudden 
illness and death. It was suggested that selection of low risk patients rather than 
MCCU treatment could also explain the low mortality associated with MCCUs in 
Belfast and Brighton, where vehicles were also selectively deployed. However, 
the treatment offered by the MCCUs in Belfast and Brighton was different from 
that provided by the MCCU in Nottingham. One of the aims in Belfast and 
Brighton was to provide early prophylactic drug treatment for victims out-of­
hospital as a means of reducing mortality. In Nottingham, ambulance staff were 
not able to administer drugs, therefore, apart from cardiac monitoring in the
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MCCU, the treatment of patients who did not arrest was the same in both the 
MCCU and the conventional ambulance. A difference in mortality between the 
MCCU and the conventional ambulance for patients who did not arrest would not 
be expected, if the patients had been randomised. Although the MCCU dealt 
with fewer cases of cardiac arrest than did the conventional ambulance, when 
resuscitation was necessary, the proportion of patients who survived in the 
MCCU was higher (3/19 - 16%, compared to 2/46 - 4%). The authors do not 
discuss this discrepancy, probably because of the small number of patients. 
Therefore, observing mortality of all the patients transported does not allow 
meaningful comparison between the two systems because for the majority of the 
patients, the intervention in both ambulances was the'same.
A further study from Nottingham concerned the possible additional benefits of 
intubation, infusion and drug therapy (Hampton and Dowling et al 1977). 
Outcomes of patients treated by defibrillation trained ambulance staff were 
compared with those treated by doctors able to provide all ACLS skills 
("medical" group). It was concluded that there was no difference in patient 
outcome between the two systems. Although there was no statistically significant 
difference in survival, the "medical" group did have a slightly greater number of 
survivors, and the ambulance response time in this group (ie, time to respond to 
a 999 call) was significantly slower. In addition, this study was not randomised, 
therefore, the problems of selective deployment explained previously were still 
apparent.
The third study from Nottingham was a randomised controlled trial of both types 
of ambulance treatment (Hampton and Nicholas 1978). Mortality rates of patients 
transported in both ambulances were assessed, and no significant differences 
were found. A total of 6,223 patients were considered for the study, and 1,600 
were randomly allocated to each group. Of these, only 47 were treated for 
cardiac arrest by the ambulance staff (32 in the MCCU, 15 in the routine 
ambulance). None of these patients survived. Again, little difference in 
mortality of those patients who did not have a cardiac arrest would be expected, 
since the treatment given in both ambulances was the same. Differences in 
mortality of arrested patients transported in either ambulance might be expected, 
but this may not be evident with such a small sample, and as no details are given 
regarding the arrested patients' circumstances, it is not known whether the 
patients in both groups were comparable.
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Hampton concluded his studies by saying that the number of lives MCCUs could 
be expected to save was small and that money spent developing this service 
nationally may be better used elsewhere. Important issues were raised. Firstly, 
the difficulties of dispatching the MCCU: selective deployment via General 
Practitioners resulted in lower risk cases, but dispatch of relevant vehicles in 
response to calls from the general public can only be done effectively if  the 
information given by the public is accurate. Secondly, attention was drawn to the 
influence of community factors: early recognition of symptoms, early emergency 
medical system access, and administration of basic CPR are vital for the success 
o f the MCCU. Finally, randomised controlled trials are needed to properly assess 
the effects of MCCUs.
After these discouraging reports, and the release of a DHSS circular (DHSS 
1976), advising ambulance services against further developments in this field, 
little progress in the United Kingdom was made in the immediately following 
years. A survey of resuscitation services in the United Kingdom in 1983 (Jones 
1983) identified nine different ambulance based resuscitation^ schemes. Few had 
been documented at all, and no controlled studies had been attempted since 1978 
(Hampton and Nicholas). The impact on survival of such schemes was therefore 
unknown, as were the potential benefits of the different types of scheme 
organization which were observed.
1.1.2 The Development Of Resuscitation Ambulances In The 
United States
During the last fifteen years, work originating from the United States has made 
the most significant contribution to the knowledge of pre-hospital resuscitation by 
non-medical staff.
The use of ambulance staff to man resuscitation ambulances in the USA was first 
reported from Oregon (Rose and Press et al 1972).-In 1976, Seattle's "Medic 1" 
programme was described, approximately five years after its inception. This 
system dealt with medical emergencies in the community, incorporating public 
education and basic CPR training programmes, an efficient dispatching system, 
and rapid response units manned by basic trained Emergency Medical
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Technicians (EMT) backed up by paramedics trained in ACLS (Cobb and 
Alvarez et al 1976).
Resuscitation of pre-hospital cardiac arrest victims was emphasised. The success 
of the system was measured by observing the number of survivors of pre-hospital 
cardiac arrest, as this is the most easily quantifiable aspect of pre-hospital cardiac 
care by ambulance staff. This again was an uncontrolled study, but large 
numbers of survivors suggested that reduction in MCCU response time and 
increasing public education potentiated the effects of a cardiac ambulance.
1.1.3 Scientific Evaluation Of Paramedic Services
By 1979, little attempt had been made to scientifically evaluate paramedic 
programmes, quantify their effects on community mortality, and identify factors 
associated with successful resuscitation. This was attempted in Washington, by 
means of a cohort study performed in two areas chosen for their similar 
geographic and demographic characteristics (Eisenberg and Bergner 1979a). One 
area was served by a conventional ambulance service staffed by basic trained 
EM T's, the other area served by EM T's with paramedic back up. Only those 
victims whose arrest was due to underlying heart disease were included in the 
study, those discharged alive from hospital were defined as survivors. In the 
paramedic area 27% of patients were reported to have been discharged from 
hospital (186 patients treated) compared with 6% in the EMT only area (301 
patients treated). Incidence of bystander CPR and response times in the two 
communities are not reported.
A further report showed that following introduction of the paramedic service, 
there was an 8.4% reduction in community mortality from heart disease in the 
paramedic area, compared with a 1.3% reduction the EMT area. It was 
concluded that paramedic services have a small effect on community mortality 
from heart disease (Eisenberg and Bergner 1979b). Curiously, in this report, 
survival rates were reported as 20% in the paramedic area and 5% in the EMT 
area, although the data used in both studies was the same. Presumably the 
authors changed the criteria for survival in the latter study, but this is not 
specified.
47
The validity of the Washington studies relies on the similarity of the two areas. 
The population of the paramedic area was smaller, the median income and level 
of educational attainment was higher, and there were more practising 
cardiologists than in the EMT area. The authors note that these differences may 
be responsible to some extent, for the observed lower community mortality from 
heart disease in the paramedic area.
Any other differences between the two areas may also have made some 
unexpected, non-investigated contribution to the differences in survival from pre­
hospital cardiac arrest. To overcome the problems of cross community 
comparisons the next study from Washington compared the 'EMT only' area 
before and after introduction of the paramedic service, using adjacent areas as 
paramedic and EMT control communities (Eisenberg and Bergner et al 1980a). 
The survival rate increased from 1% to 17% after introduction of the paramedic 
service. The drawback of this method is that other changes within the 
community may also have contributed to increased survival (eg, improvements in 
hospital treatment, increased community awareness). As there was no change in 
survival rates in the control communities during the study period, this suggests 
that temporal effects were not responsible for the increased survival in the 
experimental community.
The authors comment that in Washington, the geographical nature o f the area, 
the fact that the community are knowledgeable and motivated to receive basic 
CPR instruction, the area is mainly middle to upper middle class with little 
poverty, and the pre-hospital emergency system is capable of a fast response (less 
than four minutes) all contribute to high survival rates, and introduction o f a 
paramedic service alone in another community without these characteristics, will 
not necessarily produce similar results.
1.1.4 Factors Associated With Survival
The Washington studies described above identified four factors associated with 
survival:
1) Paramedic service,
2) Rapid time to initiation of basic CPR,
3) Rapid time to definitive care.
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4) Bystander initiated CPR.
1.1.4.1 Time Intervals
The most powerful predictors of survival were found to be short time to initiation 
of basic CPR and to definitive care. Bystander CPR is synonymous with early 
initiation of basic CPR, and type of service, EMT or paramedic is largely a 
reflection of time to definitive care, which was much shorter in the paramedic 
area in Washington (9 minutes compared with 28 minutes). A linear relationship 
between minutes to definitive care and outcome was demonstrated (Eisenberg and 
Bergner 1979a). If only those patients in ventricular fibrillation were 
considered, the same relationship between time and outcome was found, but the 
number of survivors was higher. (If definitive care was provided within 6 
minutes, 57% of patients in ventricular fibrillation were discharged, compared 
with 52% of patients with all cardiac rhythms). Therefore, the relatively short 
time to definitive care provided by paramedics was associated with increased 
survival, but survival was also dependant on early initiation of basic CPR.
A more detailed analysis of time variables (Eisenberg and Bergner et al 1979c) 
found that if basic CPR was initiated within four minutes and definitive care was 
provided within eight minutes of collapse (where collapse is taken as the time of 
cardiac arrest), 43% of patients survived, but if  either time was exceeded, 
survival rates fell dramatically (only patients with witnessed cardiac arrests were 
included). These findings were confirmed in Seattle (Weaver and Cobb et al 
1986b) where for patients in ventricular fibrillation, mortality increased by 3% 
each minute until CPR was begun and 4% each minute until the first shock was 
delivered; and in Pennsylvania (Eitel and Walton et al 1988) where eighteen per 
cent of patients who received basic CPR in less than four minutes and definitive 
care in less than ten minutes survived, compared with 7% survival of patients 
who received basic CPR within four minutes but did not receive definitive care 
until after ten minutes, 6% survival of patients who did not receive basic CPR 
within 4 minutes but received definitive care in less than 10-minutes, and 3% 
survival of patients who received neither treatment within optimum time 
intervals.
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1.1.4.2 Bystander CPR
The degree to which bystander basic CPR contributes to survival is controversial. 
Laboratory studies using dogs have shown that standard closed chest cardiac 
massage, even when being performed well, produces such low carotid and 
coronary artery flow rates that its ability to contribute to resuscitation is in 
question (Ditchey and Winkler et al 1982). In a later study, comparing arrested 
dogs who received early basic CPR and those who received no CPR, early CPR 
increased the ease with which the animals were resuscitated and resulted in 
improved neurological function after resuscitation (Sanders and Kern 1987).
Results from several clinical pre-hospital studies have suggested that bystander 
CPR does contribute towards survival, demonstrating higher hospital discharge 
rates (Lund and Skulberg 1976; Thompson and Hallstrom et al 1979; Tweed and 
Bristow et al 1980; Gudjonsson and Baldvinsson 1982; Guzy and Pearce et al 
1983), and less residual central nervous system and myocardial damage in 
patients who received bystander CPR than in those who did not (Copley and John 
et al 1977; Thompson and Hallstom et al 1979). It was recognized that bystander 
CPR in these situations may be concealing another variable, such as witnessed 
arrest. However, analysing results from cases of witnessed arrest only in 
Washington showed that bystander CPR still had a significant effect on survival, 
although the magnitude of this effect was less than for all arrests (Cummins and 
Eisenberg 1985a). In the other studies quoted, the variables of witnessed arrest 
and emergency service response time were not controlled for.
Other studies have failed to show any benefit of bystander CPR (Hadley-Wilson 
and Severance 1984; Cobbe and Redmond et al 1991). A ten year retrospective 
study from Milwaukee where presenting rhythm, response time and witnessed 
arrest were controlled for, showed that bystander CPR was only beneficial in 
cases of electromechanical dissociation (EMD) (Stueven and Troiana et al 1986). 
This could be explained by the fact that in Milwaukee, first responders arrive at 
the scene of arrest in approximately 2 minutes. This is almost equal to the 
estimated time to initiation of basic CPR by bystanders in Seattle, therefore the 
impact of bystander CPR may have appeared less (Kowalski and Thompson et al 
1984, Thompson and Stueven et al 1985).
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Studies into the retention of CPR skills have also shown that without practice, 
people do not retain the skills well (Weaver and Ramirez et al 1979). Lund 
(Lund and Skullberg 1976) related poor CPR technique to patient outcome, but 
Cobb failed to demonstrate any relationship between the two (Cobb and 
Hallstrom 1980). The effect of immediate CPR provided by "professional" 
bystanders and "lay" bystanders compared to those receiving no bystander CPR, 
has been investigated (Kowalski and Thompson et al 1984). Defibrillation was 
found to be more successful in the "professional" group than in the "no CPR" 
group, but the paramedic response time in the "professional" group was also 
shorter than in the "no CPR" group. There was no difference in outcome 
between the "lay CPR" and "no CPR" groups.
To summarise, there is lack of agreement regarding the contribution of bystander 
CPR based on the findings from clinical studies. Laboratory findings and 
retention of skills studies seem to contradict the clinical evidence which does 
suggest a positive effect of bystander CPR (although how well studies on dogs, 
or skills measured using a manikin equate to the effect of CPR in humans is not 
known). The performance and effect of basic CPR are difficult to assess 
conclusively in the clinical situation, as it is not possible to carry out a 
prospective, controlled study. Consequently, the contribution of pre-hospital 
bystander CPR to survival is likely to remain a controversial issue.
1.1.5 Comparison Between Different Studies
The work by Eisenberg and his co-workers previously referenced has been the 
most significant to date on the subject of out-of-hospital cardiac arrest. The 
relatively high number of survivors achieved in Washington facilitates 
meaningful statistical testing of hypotheses, without which, the link between 
critical time intervals and survival could not have been made. The success of the 
paramedic service was shown to be associated with the shorter time to definitive 
care, but survival was equally dependent upon early initiation of basic CPR. The 
significance of the work from Washington is due in part to the efforts made to 
randomise and control the studies, when the majority of reports regarding 
paramedic ambulance schemes both before and since have been uncontrolled 
studies and case series, using various reporting criteria. An uncontrolled study 
from Auckland, New Zealand (Crawford and Denton et al 1986) reported 
survival rates of 17%, for patients of all ages, with all cardiac arrest aetiologies
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considered. Two studies from California reported survival rates of 3% (Eliastem 
and Duralde et al 1977), and 19% (Graf and Polin et al 1973). Neither study was 
controlled and both considered all aetiologies. Another uncontrolled study from 
California reported 13% survival from arrests due primary heart disease, rather 
than all aetiologies (Diamond and Schofferman et al 1977). Liberthson 
investigated patients in ventricular fibrillation only and reported survival rates of 
14% in an uncontrolled study from Florida (Liberthson and Nagel et al 1974). 
Two studies comparing paramedic and conventional ambulance treatment have 
been performed in Virginia and Vancouver. In Virginia, a comparison of 
survival rates before and after paramedic service introduction demonstrated 32% 
survival (Crampton and Aldrich et al 1975), but only 26 resuscitations were 
attempted by paramedics during the study period. A study of paramedic versus 
conventional ambulance services was reported from Vancouver (Vertesi and 
Wilson 1983). The paramedic service was associated with higher survival rates, 
but the paramedic ambulances were located in areas with the highest volume of 
emergency calls, and the conventional ambulances were only dispatched to 
possible cardiac emergencies when the paramedics were too far away, or were on 
another call. Also, reporting was complete in the case of the paramedics, but 
incomplete for the conventionally trained ambulance staff.
1.1.6 Uniform Reporting Of Results
It is apparent that the subject is not easy to study. Studies into pre-hospital 
cardiac arrest such as those reviewed above cannot be compared to draw 
conclusions concerning the impact of paramedic programmes on mortality from 
cardiac arrest because of the variations in study design, size and reporting of 
results. Eisenberg drew attention to this problem and proposed a uniform 
reporting system (Eisenberg and Bergner et al 1980b). This system encourages 
documentation of factors known to be most critical to successful resuscitation. 
Examination of the findings obtained will then identify those elements of 
emergency medical systems where changes are most likely to provide benefits.
Eisenberg's suggested reporting system is based solely on cardiac arrest victims, 
with arrests due to heart disease. Variables which are reported are: incidence of 
witnessed arrest; cardiac rhythm (two cardiac rhythm categories are 
distinguished, 1. ventricular fibrillation/ventricular tachycardia 2. all other 
rhythms); if possible, whether the time from arrest to CPR is less than 4
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minutes, and the time to definitive care was less than 10 minutes; and hospital 
admission and discharge. The criteria for hospital admission are the patients 
independent maintenance of pulse and blood pressure on arrival at hospital.
These recommendations were published in 1980. Further attempts have been 
made to try and persuade investigators to adopt a standard reporting format since 
then. Recently, guidelines were set by an international group of physicians from 
Europe, the USA, Canada and Australia (Cummins and Chamberlain et al 1991). 
It remains to be seen whether investigators will adopt these criteria.
1.1.7 Resuscitation Ambulance Services In The United 
Kingdom, 1983-present
Despite the lack of evidence from this country, there has been a new recognition 
of the value of pre-hospital care by the DHSS (DHSS 1984), contrary to the 
views expressed in 1976. In 1987, a national course for extended training of 
ambulance staff was launched by the National Staff Committee for Ambulance 
staff, in association with the National Health Service Training Authority 
(NHSTA) (Ambulance Staff Training Committee 1987). Extended training of 
ambulance staff in all ACLS skills is described, but individual ambulance 
services are at liberty to decide whether or not they wish to adopt these 
guidelines, carry on with pre-existing locally organised schemes, or develop their 
own system of pre-hospital care. Ironically, at the time these guidelines were 
released, a study from Scotland once again questioned whether early advanced 
cardiac and trauma life support by ambulance staff would always be justified 
(Anderson and Black et al 1987).
An important stage in planning a pre-hospital resuscitation programme involves 
assessment of the characteristics of the community and ambulance service 
system, in order to assess whether or not ambulance based resuscitation schemes 
will increase the likelihood of successful resuscitation from cardiac arrest in 
individual communities. This is the aim of the first part of the study in London.
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1.2 METHOD
An ACLS pilot scheme which was initiated by the London Ambulance Service in 
1985 was analysed retrospectively, in 1987.
1.2.1 Personnel and Ambulance Stations Involved
In 1985, 17 ambulance staff based at three stations in London were trained in 
ACLS. The participating ambulance stations were chosen by the London 
Ambulance Service. Ten people were regular full time, front line ambulance 
staff. Seven people were^ambulance instructors (See Table 1.1 for description of 
roles).
The three ambulance stations were in Fulham, Bloomsbury, and Whipps Cross. 
The location of the stations is shown on the map (Figure 1.1). Whipps Cross is 
marked 1, Bloomsbury 2, and Fulham 3. A description of the areas served by 
these stations is given in Table 1.1. Bloomsbury ambulance station was chosen 
because this is the station where the ambulance instructors are based when 
involved in front-line duties. Whipps Cross and Fulham were chosen because of 
the high proportion of staff already trained in endotracheal intubation and 
intravenous infusion at these stations.
1.2.2 Training
The individuals were selected for training by the London Ambulance Service 
training school. All had received previous training in endotracheal intubation and 
intravenous infusion. A synopsis of the training programme and criteria for 
selection of individuals, and their capabilities following training is shown in 
Table 1.2. A detailed description of the training programme is given in Appendix 
1. 1.
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1.2.3 Reporting And Documentation
Crews were equipped with Simonsen and Weil DMS 600 defibrillators, which 
incorporated a two channel cassette recorder. A continuous recording of the 
patient's EGG and audible record of the incident could therefore be made for 
each case. In addition to standard ambulance service documentation (appendix 
1.2), staff were also requested to submit a coronary care reporting form 
(appendix 1.3) for each patient treated using ACLS skills. Crews were also 
asked to give an account of the incident on the back of the structured coronary 
care reporting form.
1.2.4 Allocation Of Patients To ACLS Trained Crews
There is no selective deployment policy in the London Ambulance Service. 
Emergency calls (999 calls) are received at central ambulance control in London, 
based at Waterloo. Control staff will then allocate calls, on a "nearest ambulance 
to location of call" basis. This may be to an ambulance already on the road when 
returning from a previous call, or to a stationary ambulance in the nearest 
ambulance station to the location of the call. In the latter case, if  there are 
several ambulances at the station, the call is allocated to the ambulance which has 
been in the station for the longest time. Emergency calls were allocated to the 
ACLS trained staff in the same manner.
1.2.5 Data Collection
Data were collected from: ambulance service documentation; ECG audible tapes; 
hospital records; GP records; and/or post mortem reports on all adults treated for 
non-traumatic cardiac arrest by the ACLS trained staff between November 1985 
and October 1987. In accordance with Eisenberg's recommended reporting 
system, the following information was sought:-
1. Disease aetiology
2. Whether arrest was witnessed
3. Whether patient was in ventricular fibrillation on arrival of ambulance
staff
4. Whether basic CPR was administered within four minutes and definitive
care administered within ten minutes of arrest.
58
5. Whether patient had a pulse on arrival at hospital
6. Whether patient was discharged from hospital
The following data were also obtained
1 Age and sex of patient
2 Location of incident and person alerting the ambulance
3 Whether CPR was performed before ambulance arrival
4 Ambulance response time
5 Treatment administered by ambulance crew
6 Neurological status of patients who survived to be 
admitted to a hospital ward
Patients discharged alive from hospital were followed up for 6 months following 
cardiac arrest.
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1.3 RESULTS
Over 24 months, (October 1985 until September 1987), 99 patients with cardiac 
arrest were treated in the three areas; 79 (80%) were males and 20 (20%) were 
females. Arrests were due to cardiac causes in 62 (63%) cases. In 25 (25%) 
cases the arrest was due to other causes, and in 12 (12%) cases, the cause of 
arrest was not known.
1.3.1 Outcome Of Patients Attended
Figure 1.2 shows the fate of the 99 patients attended. Four (4%) of the 99 
patients survived to be discharged from hospital, all of whom survived for at 
least six months.
1.3.2 Notification Of Cardiac Arrest
Ninety five (96%) patients were attended in response to a 999 call. Two (2%) of 
calls were originally referred by the General Practitioner for routine admission. 
In one case, the ambulance was called to assist another ambulance crew, and in 
one case bystanders alerted the ambulance as it was passing.
1.3.3 Time Intervals
The time intervals presented in Table 1.3 refer to the 95 patients attended in 
response to a 999 call. Times from collapse to 999 call are relevant for those 
cases where the victim arrested prior to the 999 call (79 cases). In 16/95 (17%) 
cases, the victim arrested either in the presence of the ambulance crew, or after 
the 999 call had been made.
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Figure 1.2 Outcome Of All Patients Attended
Dead On Arrival At 
Hospital 
33
Regained
Consciousness
5
Patients Attended 
99
t
Admitted
18
t
Records Lost 
1
Died In 
A&E 
48
Did Not Regain 
Consciousness 
12
Died In 
Hospital 
1
Discharged From 
Hospital 
4
Died In 
Hospital 
1
Died in 
Hospital 
12
TABLE 1.3 TIME INTERVALS BETWEEN COLLAPSE AND AMBULANCE ARRIVAL
(Values = time in minutes)
Time Interval Range
Collapse to  999
call 1-30
Collapse to  999
call* 1-9
999 call to
am bulance d ispatch 1 -9
Am bulance d ispatch to
arrival 2-14
999 call to  am bulance
arrival 4-17
* w itnessed arrests only
** C ases  where time w as estim ated
Median
2
2
2
6
7
No (%) of cases*
41/79 (52%) 
26/37 (70%) 
83/95 (87%) 
93/95 (98%) 
83/95 (87%)
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1.3.4 Characteristics Of Patients Attended
Only those patients with cardiac causes of arrest will be considered from now on 
(62 cases), in accordance with Eisenberg's reporting system. Table 1.4 shows the 
age of the patients, where the arrest occurred, who alerted the ambulance, 
whether the arrest was witnessed, whether bystander CPR was administered, and 
the initial ECG rhythm reported by the ambulance crew. The initial ECG 
reported by the ambulance crew was documented on tape in 37 (60%) of cases.
1.3.5 Time Intervals From Collapse To CPR And Defibrillation
In patients with a cardiac cause of arrest (62), time to CPR was estimated in 34 
(55%) cases. In those patients with a cardiac cause of arrest, where ventricular 
fibrillation was the initial ECG rhythm found (29 cases, 47%), time from 
collapse to defibrillation was estimated in 17 (59%) cases.
The median and range of times from collapse to CPR and defibrillation in these 
cases are shown in Table 1.5.
The times to CPR and ACLS for each of the 29 patients reported to be in 
ventricular tachycardia/ventricular fibrillation, and their outcomes are shown in 
Table 1.6. Eleven (38%) of these patients received CPR in less than or equal to 
four minutes. Nine (31%) were defibrillated in less than or equal to ten minutes, 
and eight (28%) of the patients found in ventricular fibrillation received both 
treatments within the optimum time intervals (in five o f these patients, the arrest 
occurred in the presence of the ambulance crew).
TABLE 1.4
CHARACTERISTICS OF PATIENTS ATTENDED
62
A ge 3 0 -4 4 4 5-64 6 5 -7 4  >75
Total 61 ‘
2 (3%) 25 (40%) 22(36%) 12(19%)
L ocation Hom e Public Place O tfier
Total 62
35 (56%) 20 (32%) 7(11%)
Alerted by F rien d /re la tlv e GP S tra n g e r
Total 62
36(58%) 2 (3%) 24 (39%)
W itn essed Y es Yes, by Crew No
Total 62
32 (52%) 5 (8%) 25 (40%)
B ystander CPR Yes No
Total 57“
18(32%) 39 (68%)
Initial ECG VF/VT A sy sto le P u lseless Rhythm
29 (47%)‘“ 27 (44%) 5 (8%)
Total 62
* Unknown in one case
** arrests not witnessed by ambulance crew
‘•‘Questionable in 5 cases (8% of those documented on tape)
Not reported
1 (3%)
TABLE 1.5
TIME INTERVALS FROM COLLAPSE TO CPR AND DEFIBRILLATION
Time interval 
C ollapse to CPR
C ollapse to 
defibrillation
R an g e
1-20
1-19
M edian No. (%) of ca se s
6 34/62 (55%)
10 17/29 (59%)
‘ patients initially in ventricular fibrillation
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TABLE 1.6
TIMES TO CPR AND DEFIBRILLATION IN PATIENTS FOUND IN VENTRICULAR FIBRILLATION 
RELATED TO PATIENT OUTCOME
Area: 8= Bloomsbury F=Fulham WC=Whipps Cross
Outcome: S=dlscharged from fiospital SR=regained consciousness, died after admission 
A=died after admission D=died before admission
A rea Mins to CPR Mins to W itnessed by C u te
Defibrillation Crew
CPR < 4
Defibrillation <10 mIns
WG <1 1 YES S
F <1 <1 YES S
F <1 <1 YES SR
F <1 <1 YES D
B <1 <1 YES D
B 1 6 NO D
B 4 9 NO D
F 3 10 NO D
CPR <4
Defibrillation >10 Mins
B 2 19 NO D
WG 2 13 NO D
F 2 >20 NO D
CPR > 4
Defibrillation <10 Mins
WG 6 8 NO D
CPR > 4
Defibrillation >10 Mins, or time unknown
F 9 11 NO S
F 6 12 NO A
B 10 12 NO A
B 10 15 NO A
F 8 16 NO A
F 9 13 NO A
F >5 >7 NO D
F <7 >19 NO D
F >2 >12 NO D
F >7 >9 NO D
F >4 >9 NO D
F ? >8 NO D
F ? >11 NO D
F ? >8 NO D
F ? >5 NO D
F ? ? NO D
WG ? >14 NO A
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1.3.6 Treatment Administered By The Ambulance Crew
Figure 1.3 shows the number of patients who received various combinations of 
treatment from the ambulance staff. The outcome of patients requiring treatment 
with defibrillation only, compared with those patients who received several 
interventions can be found in Table 1.7.
The history of the patient who survived after intubation and drug therapy is 
unclear. The ECG/audible tape was not available; the initial rhythm documented 
by the ambulance crew was asystole, but the patient was also reported to be 
breathing spontaneously. Hospital records state that ventricular fibrillation was 
the rhythm on arrival at hospital, and the patient was successfully defibrillated 
with no additional intervention.
1.3.7 Outcome Of Patients Admitted To Hospital
A summary of the outcomes of patients following admission to hospital can be 
found in Table 1.8. Details of the patients who regained consciousness following 
admission can be found in Table 1.9.
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FIGURE 1.3 COMBINATIONS OF TREATMENT GIVEN
14 
12 
10 
8 
6 
4 
2 
0
ET ET DEF ET ET ET ET ET
DEF d r u g  DRUG DRUG DRUG DEF
[S
Îu.0
1
Total Patients=62
NONE
DEF
IV
IV DEF IV
ET - Endotracheal intubation; DEF - Defibrillation; 
Drug - Drug administration; IV - Intravenous line.
TABLE 1.7
TREATMENT WITH DEFIBRILLATION ONLY, COMPARED WITH SEVERAL 
TREATMENT INTERVENTIONS, RELATED TO PATIENT OUTCOME
Values= num ber {%) of victims
Defibrillation
Only
Several
Interventions
No. Of patients treated 8 54
No. Initially In VF 8(100) 21 (39)
No. with pulse  on arrival at hospital 4(50) 5(9)
No. d ischarged 3(38) 1 (2)
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TABLE 1.8
FATE OF PATIENTS WITH CARDIAC CAUSE OF ARREST WHO WERE ADMITTED TO HOSPITAL
P a tie n t Pulse on 
arrival
Days In 
hosp ital
R egained
c o n s c io u sn e s s
O u tcom e
1
2
3
4
5
6
7
8
9
10 
11 
12
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
36
12
10
23
<1
3
12
83
2
<1
?
5
yes
yes
yes
yes
yes
no
no
no
no
no
no
no
Discharged
Discharged
Discharged
Discharged
Died
Died
Died
Died
Died
Died
Died
Died
TABLE 1.9
SUMMARY OF THE CHARACTERISTICS OF PATIENTS WHO REGAINED CONSCIOUSNESS 
FOLLOWING CARDIAC ARREST
P a tie n t Initial Pulse O/A N eurological W itn essed  Time To T rea tm en t
O u tcom e ECG H ospital S ta tu s  A rrest Definitive Care (crew )
Alive at 6 months VF
Alive at 6 months VF
Alive at 6 months VF
Alive at 6 months ?
Died at 1 day VF
Yes
Yes
Yes
Normal
Normal
Normal
No (in VF) "Slight
impairment"
Yes Normal
By crew 
By crew 
Yes 
Yes 
By Crew
<1 min
<1 min
11 min
< 1 min
defibrillation
only
defibrillation
only
defibrillation
only
intubation
drugs
defibrillation
only
‘as documented in case notes
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1.3.8 Eisenberg's Uniform Reporting System
Data collected in accordance with Eisenberg's uniform reporting system can be 
found in Figure 1.4.
Nine out of 62 (15%) patients whose arrest was known to be due to cardiac 
causes arrived at hospital with a pulse. Four (6%) of these regained 
consciousness, and three (5%) survived to be discharged. One other patient who 
survived to discharge did not have a pulse on arrival at hospital, but was 
resuscitated in the Accident Department, making a total of 4 (6%) survivors at 
six months.
1.3.9 Comparison Of The Three Areas Studied
Fifty four patients were treated by crews in Fulham, 24 in Bloomsbury and 21 in 
the Whipps Cross area. In Fulham 39 (72%) of arrests were due to cardiac 
causes, in Bloomsbury, 11 (46%), and in Whipps Cross, 12 (57%).
1.3.8.1 Time Intervals
The response times for all 999 calls attended, and time intervals between collapse 
and CPR in patients with a cardiac cause of arrest in the three areas studied can 
be found in Table 1.10.
1.3.8.2 Patient Characteristics
Table 1.11 shows patient characteristics by area.
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FIGURE 1.4 EiSENBERG'S REPORTING SYSTEM
TOTAL ARRESTS = 99
1 A = 9 (9%)D = 4 (4%)
CARDIAC 
AETIOLOGY 62
A=9(15%)
D = 4(6% )
WITNESSED 37 
A=6 (16%) 
D=4 (11%)
VENTRICULAR FIBRILLATION 
OR TACHYCARDIA 18 
A=6 (33%)
D=3 (16%)
CPR < 4  'MINUTES 
DEFIBRILLATION <10 
6
A=3 (50%) D=2 (33%)
h
OTHER /UNKNOWN 
AETIOLOGY37
A=0 D=0
i
UNWITNESSED 25 
A=3 (12%)D=0
i
OTHER CARDIAC 
RHYTHMS 19 
A= 0 D=1 (5%)
CPR > 4  MINUTES 
DEFIBRILLATION >10 
11
A=3 (27%) D=1 (9%)
A= ADMITTED (ARRIVED AT 
HOSPITAL WITH PULSE)
D= DISCHARGED FROM HOSPITAL
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TABLE 1.10 COMPARISON OF TIME INTERVALS FOR EACH OF THE THREE AMBULANCE 
STATIONS
Time intervals are in minutes
Figures in parentheses=% of cases where time known
Time Interval B loom sbury Whipps C ross Fulham
Collapse to 999 call
Range 0-9 1-30
Median 2 3
No (%) of cases 12(50) 9(47)
R esp o n se  tim e
Range 4-14 7-17
Median 7 12
No (%) of cases 12(88) 19(100)
C ollapse to CPR
Range 0-11 0-18
Median 3 10
No (%) of cases 10(91) 9(75)
TABLE 1.11 CHARACTERISTICS OF PATIENTS ATTENDED IN
Age* 3 1 -4 4 4 5 -6 4 6 5 -7 4
B 0 7 (64%) 2 (18%)
F 0 13(33%) 17(44%)
WG 2(17%) 5 (42%) 3 (25%)
L ocation Hom e Public Place O th e r
B 3 (27%) 7 (64%) 1 (9%)
F 23 (59%) 10 (26%) 6(15%)
WG 9 (75%) 3 (25%)
Alerted
By
F riend /
R elative
GP S tra n g e r
B 3 (27%) 1 (9%) 7 (64%)
F 25(64%) 1(3%) 12(31%)
WG 8 (67%) 4 (33%)
W itn essed Yes Yes, By Crew No
B 5 (45%) 1 (9%) 5 (45%)
F 19(49%) 3(7%) 17(43%)
WG 8 (67%) 1 (8%) 3 (25%)
B ystander**
CPR
Yes No
B 4 (36%) 6 (55%)
F 11 (28%) 25(64%)
WG 3 (25%) 8 (67%)
Initial ECG VF/VT A systo le P u ls e le s s
Rhythm
B 6 (55%) 3 (27%) 2 (18%)
F 19 (49%) 16(41%) 3(8%)
WG 4 (33%) 8 (67%) 0 (0%)
1-15
2
23 (44)
5-14
7
39 (75)
0-20
7
20 (51)
7 5  +
2 (18%)
8 (20%)
2(17%)
No Record
1(3%)
* age missing in one case
** cases not witnessed by ambulance crew
B = BLOOMSBURY F=FULHAM WG = WHIPPS CROSS
7 0
1.4 JUSTIFICATION O F M ETHODOLOGY
The variables most predictive of survival, and the benefits of ambulance based 
resuscitation schemes which provide earlier defibrillation, have already been 
proven in previous studies, reviewed earlier.
The aim of this investigation was therefore not to compare the outcomes of 
patients treated by ACLS trained staff with those of patients treated by basic 
trained ambulance staff. Firstly, such a comparison would have required a 
control group. Since the scheme was not organised as an experimental trial by 
the London Ambulance Service in 1985, there was no formal control group, and 
such a group could not be drawn from records of patients treated by basic trained 
ambulance staff during the same period because they did not submit comparable 
patient information. Secondly, data on larger numbers of patients would have 
been required to make such a comparison. This could not have been achieved in 
this time period because too few staff were trained. Seventeen ambulance staff 
were trained in ACLS, and by 1988, only three of the staff were still using their 
skills on "front line" duties.
The aims of this part of the study were to investigate the circumstances of cardiac 
arrest victims in London, attended by ambulance staff who had undergone 
training in ACLS, to describe the chain of events and patient outcome, and to use 
the findings as a baseline for recommendations and further investigation. It was 
pertinent to use these data, although retrospective, because at the present time the 
scheme is largely non-operational.
Since a control group could not be obtained, it is not possible to prove that this is 
a representative sample of all the cardiac arrests which occurred in London 
during that period. Although patients were not selected for ACLS treatment, the 
ACLS trained crews may have exercised different resuscitation exclusion criteria 
than basic trained ambulance crews. The sample does represent a patient group 
of interest, that is, those selected for resuscitation by ambulance staff who had 
undergone an ACLS training programme in London.
The stated aims can be achieved using these data. The major limitations 
encountered were that the eventual number of cases was small, and mistakes and
7 1
omissions in the documentation could not easily be rectified because the study 
was retrospective.
It was not possible to confirm ECG rhythms and compliance with treatment 
protocols in all cases, due to missing ECG/audible tapes (ECG/audible cassette 
tapes were available in 37 (60%) of cases). In this chapter, the initial ECG 
rhythms presented are those recorded by the ambulance crew. This point will be 
described in more detail in Chapter Two, which relates to crew performance.
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1.5 DISCUSSION
The aims of the first part of the study were to describe the community and 
system factors in London, and assess patient outcome when treated by ambulance 
crews able to administer advanced cardiac life support skills.
Statistical analysis is of limited value with so few survivors, trends are apparent 
by observation of the results. The overall picture was one of few patients (6/62, 
10%) having all the optimal variables for survival, that is witnessed arrest, ECG 
rhythm of ventricular fibrillation when found, and treatment within optimal time 
intervals. In five of these six cases, the arrest was witnessed by the ambulance 
crew. Three (50%) of these victims regained consciousness and two (33%) 
survived to six months. In patients without all the optimum variables for survival 
(56), 2 (4%) survived.
1.5.1 Comparison O f Survival Rates
The proportion of all patients with arrests due to cardiac aetiology discharged 
from hospital was 6%. This figure may be deceptively high, as it is possible that 
some of the 12 cases with unknown aetiology resulted from cardiac causes also. 
Since none of these patients survived, had they been included, the proportion of 
survivors would have been less. By comparison, 22% of patients with cardiac 
aetiology survive to discharge in Washington (Eisenberg and Copass et al 
1980a).
Comparison with other recent British studies is difficult, since different reporting 
criteria are used. In Nottingham, 11% survival rates are quoted for patients 
treated by crews trained in defibrillation only (Rowley and Mounser et al 1987), 
but this includes victims with all cardiac arrest aetiologies, and two patients in 
the series who survived to leave hospital were initially found by the ambulance 
crew bradycardia and unconscious, but with had a pulse. These patients were 
not cardiac arrest victims according to Eisenberg's definition. A more recent 
study carried out in Leeds, using crews trained in accordance with the NHSTA 
guidelines (Wright and Bannister et al 1990) also included patients of non-cardiac 
aetiology, and showed discharge rates of 5%.
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1.5.2 Limitations Of Comparing Survival Rates
Although use of standard definitions makes comparison between communities 
easier, the value of comparing survival rates in all of the patients treated by 
ambulance staff is limited, because different resuscitation exclusion criteria may 
be used in different communities. For example, in Pittsburgh, 53% of patients 
with cardiac arrest were not resuscitated by paramedics, but classified as dead on 
scene on the grounds that they had no vital signs, and bystander CPR was not 
being provided (Roth and Stewart et al 1984). By comparison, in this study, even 
when the ambulance crew estimated times from collapse to CPR in the region of 
twenty minutes, ACLS was commenced and patients were transported to 
hospital.
Comparing just those patients whose arrest was witnessed, in ventricular 
fibrillation when found, and treated within optimum time intervals, although a 
much larger sample of patients was assessed in Washington (Eisenberg and 
Bergner 1979c), 43% (69 patients) survived compared with 33% (2 patients) in 
London. The reasons for poorer survival rates in London of patients with all the 
optimum variables for survival will be discussed in relation to the community 
and system factors.
1.5.3 Community And System Factors In London 
Witnessed arrest
It has been well documented that the chances of survival from unwitnessed 
arrests are poor, approximately 3% (Eisenberg and Hallstrom 1981). In this 
study, 60% of arrests due to cardiac causes were witnessed, which is comparable 
with the number of witnessed arrests documented in Washington (Eisenberg and 
Bergner et al 1979c, Eisenberg and Hallstrom et al 1981). However, in 
Washington, 28% of patients with witnessed arrest were discharged, compared 
with 8% of patients in this study.
The advantage of witnessed arrests is that time to basic and advanced life support 
can be minimised if medical aid is sought without delay following collapse. 
Scrutiny of report forms revealed that this was not always the case in London. 
When arrests were witnessed, bystanders would often seek neighbours or
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telephone relatives before contacting the ambulance service, thereby reducing the 
benefit of witnessed arrest.
Bystander CPR
This indication of a lack of public knowledge is reinforced by the observation 
that only 32% (18) of patients with a cardiac cause of arrest received basic CPR 
from a bystander before ambulance arrival, which is less than reported in recent 
British studies, in Nottingham 46% (Rowley and Mounser 1987), and in 
Stockport 38% (Gray and Redmond 1987). Possibly voluntary citizen CPR 
training and community education programmes have had less of an impact in 
London than in other areas, or alternatively, citizens who volunteer for training 
are not the ones most likely to witness a cardiac arrest.
Although 56% (35) of patients arrested in the home, only 27% (5/18) of the 
patients who received bystander CPR were at home. A lower incidence of 
witnessed arrests and bystander CPR in the home has been documented in 
Seattle. This was explained by the observation that although 40% of the public 
are trained in CPR, only 7% of those live with victims of heart disease (Litwin 
and Eisenberg 1987). CPR training courses seem to attract young, healthy people 
(Mandel and Cobb 1985) rather than the elderly, and family members of cardiac 
patients (Pane and Salness 1987). Targeted recruitment of senior citizens and 
family members of cardiac patients has been shown to increase the proportion of 
these groups of people taking CPR courses, when compared with non-targeted 
recruitment approaches (Pane and Salness 1989).
Initial ECG Rhythm
Ventricular fibrillation is the primary arrhythmia associated with sudden cardiac 
death (Safar 1981, de Luna and Coumel et al 1989), but degeneration to other 
lethal rhythms occurs over time (Ventriglia and Hamilton 1983). Appreciable 
numbers of survivors from asystole or electromechanical dissociation have not 
been previously documented even in those communities where call out times are 
short, bystander CPR is common, and an established paramedic service is in 
operation (Eisenberg and Hallstrom 1981, Weaver and Cobb et al 1986a, 
1986b).
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Forty Seven per cent of patients in the present study with arrests of cardiac 
aetiology were reported by the ambulance staff to be in ventricular fibrillation 
when found, (initial ECG’s were documented on cassette tape in 60% of cases. 
There was some question over the evidence of VP in five (8%) of these cases. 
This point will be discussed in Chapter Two). In the United States, this figure is 
reported as 55% to 60% (Eisenberg and Bergner 1979d, Stults and Brown 
1986a), and in other British studies, Stockport, 57%, (Gray and Redmond et al 
1987) and in Nottingham, in patients of all aetiologies, 63% (Rowley and 
Mounser et al 1987).
The proportion of patients in ventricular fibrillation reported in various studies 
may be misleading. As previously stated, these studies were not all reported 
according to the same criteria. The proportion of patients in ventricular 
fibrillation in Washington in two separate studies was quoted as 63% and 57% 
(Eisenberg and Bergner 1979a, 1979d), but recently it was reported that in the 
last ten years, there has been a one third decline in the proportion of patients in 
ventricular fibrillation, which reflects the national decline in the age-adjusted 
mortality rate from coronary heart disease in the USA. Thirty five to 40% is now 
considered a reasonable approximation of the proportion of pre-hospital arrest 
victims found in ventricular fibrillation in Seattle (Longstreth and Cobb 1991). 
Such discrepancies reduce the confidence with which comparisons between 
centres can be made, even when using the same reporting system.
Ambulance Response Time
Defibrillation of patients in ventricular fibrillation is less likely to be successful 
as the time interval between collapse and shock administration increases (Weaver 
and Cobb et al 1985).
In the majority of cases in London, the ambulance was alerted to victims of 
cardiac arrest by 999 call from the general public. In these cases, the median 
response time for all areas was 7 minutes, (the response time of ambulances in 
the Whipps Cross area was longer than in the other two areas investigated). The 
mean ambulance response time in Washington is reported as 4.5 minutes 
(Eisenberg and Bergner 1979c).
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Fifty per cent of patients were reached within seven minutes of 999 call. 
Response time does not take into account the time from collapse to 999 call, or 
the time from ambulance arrival to definitive care. Ideally, the median response 
would need to be several minutes faster than 7 minutes to ensure defibrillation of 
patients in VF within the optimal eight to ten minutes (Eisenberg and Bergner 
1979c), to allow for these additional time intervals.
These results suggest that patients with the best chance of survival are those who 
arrest after the ambulance has been called. This was thought to have happened in 
24% of patients with cardiac aetiology.
Time Intervals From  Collapse To Basic CPR And D efibrillation
Accurate estimations of critical time intervals are of vital importance in assessing 
the viability of a pre-hospital resuscitation service. An estimation of time of 
collapse of a cardiac arrest victim is generally obtained from bystanders. In a 
study from Washington, bystanders were interviewed after the event, and critical 
time intervals estimated to the nearest half minute (Eisenberg and Bergner 
1979c).
The general public in Washington may be more knowledgeable about cardiac 
arrest (judging by the higher incidence of bystander CPR), and therefore more 
aware of the time of collapse, but in the present study, the accuracy of 
estimations of time of collapse is in question; for example, a proportion of the 
victims suffering an unwitnessed arrest may not be found for several minutes 
following collapse, whereas, for a proportion of patients with witnessed arrest, 
the ambulance is called immediately. One would therefore expect a higher 
median time from collapse to CPR in unwitnessed arrest victims than in victims 
of witnessed arrest. In this study, this was not the case; the median time from 
collapse to 999 call recorded (2 minutes) was the same in witnessed and 
unwitnessed arrests. This indicates that for unwitnessed cases, the time of 
collapse to 999 call may be underestimated, and if so, the estimated times from 
collapse to CPR and defibrillation (in cases not witnessed by the ambulance 
crew) are shorter than the actual times. In spite of this likely underestimation, the 
times to CPR and ACLS recorded were still outside the limits for successful 
resuscitation in most of the patients in ventricular fibrillation.
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In the cases reported in this study, two patients treated within the optimum time 
intervals whose arrest was also witnessed by the ambulance crew survived, and 
one other arrived at hospital with a pulse, but died later. None of the other 
patients who were believed to have been treated within optimum time intervals, 
but whose arrest was not witnessed by the crew, survived. The people arresting 
in the presence of the ambulance crew were possibly the only victims, in reality, 
who received treatment within optimum time intervals.
Finally, a community factor which was not investigated in depth in the present 
study concerns the type of patients treated. Age has been shown to have a weak 
affect on likelihood of survival (Eisenberg and Bergner 1979a). History of 
congestive cardiac failure prior to cardiac arrest, in addition to critical time 
intervals (from collapse to basic CPR and collapse to restoration of circulation), 
has also been shown to be independently predictive of hospital mortality in 
patients who are initially resuscitated successfully (Hallstrom and Cobb et al). 
This was not an elderly group of patients, but detailed information regarding the 
patient's past medical history was not collected.
1.5.4 Comparison O f The Three Areas Studied
The three ambulance stations chosen were located in different demographic and 
geographic areas of London. Bloomsbury ambulance station is situated in the 
centre of Metropolitan London. Whipps Cross ambulance station serves a larger, 
residential area in the suburbs. Fulham ambulance station is near to the centre of 
London, with a catchment area more residential than Bloomsbury, but less 
residential than Whipps Cross.
Researchers in Washington have found that victims collapsing outside the home 
were younger, arrests were more often witnessed, mean time to CPR was 
shorter, patients were more likely to have bystander CPR and were more likely 
to be found in ventricular fibrillation. Consequently survival from cardiac arrest 
was higher outside the home (Litwin and Eisenberg et al 1987). The 
characteristics of patients attended in each of the three areas in London (Table 
1.13) reflect these differences. There was a trend for more arrests in the home, 
where the ambulance was alerted by a friend or relative, fewer patients found in 
ventricular fibrillation/ventricular tachycardia, less bystander CPR, longer time 
intervals between collapse and CPR, and longer ambulance response times in the
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Whipps Cross area than in the Bloomsbury area, with characteristics of patients 
attended and time intervals in Fulham falling inbetween.
The most favourable community and system factors for survival and the shortest 
response times were seen in the Bloomsbury area, although enhanced survival 
rates in Bloomsbury in comparison with the other two areas were not apparent. 
There are two possible reasons for this; either because critical time intervals were 
still beyond optimum time limits for survival, or the number of cases was too 
small.
1.5.5 T reatm ent Administered By Ambulance Crew
Most patients received several treatment interventions (endotracheal intubation, 
drugs and defibrillation). The majority of the patients were either asystolic on 
ambulance arrival, or were in ventricular fibrillation, but initial defibrillation was 
unsuccessful, and the ambulance crew proceeded with intubation and drug 
therapy, according to treatment protocols. All but one of the patients who were 
in ventricular fibrillation on arrival of the ambulance crew, were treated 
unsuccessfully with a shock and were subsequently given drugs, but none 
survived.
Thirty three patients with reported asystole or electromechanical dissociation 
were treated with drugs and/or intubation. One patient survived but as the initial 
documentation of asystole was almost certainly incorrect (the patient was 
reported to be asystolic, but breathing spontaneously, see results section), the 
contribution of medication to this patient's survival is questionable.
The ambulance staff in London administered drugs via the endotracheal route. 
There is little pharmokinetic data for drugs administered endotracheally in 
arrested patients. Studies of the effect and absorption of adrenalin given via the 
endotracheal route in dogs have shown an increase in serum levels, pulse and 
blood pressure in anaesthetised animals (Roberts and Greenburg et al, 1978) and 
recovery of animals in whom cardiac arrest had been induced comparable to that 
in animals who had received intravenous adrenalin (Reading and Asuncion et al 
1967).
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A Study involving twelve human victims of pre-hospital cardiac arrest compared 
the use of intravenous adrenalin with endotracheal adrenalin. Significantly poorer 
serum levels, and fewer apparent clinical effects attributable to adrenalin were 
shown in patients who had received endotracheal adrenalin compared to those 
who had received peripheral intravenous adrenalin (Quinton and O'Byrne 1987). 
In this study, the same dose of adrenalin was given via both routes. The dosages 
of drugs administered by ambulance staff in London in the present study were 
double the recommended intravenous dosage. As yet, there is no accepted 
optimal endotracheal dosage (Raehl 1986).
Therefore, although drug administration does not appear to have contributed to 
successful resuscitation in the present study, there is some doubt about the 
dosage, and the efficacy of the route of administration of the drugs given. 
Nevertheless, the contribution of drugs to survival in pre-hospital cardiac arrest 
victims has never been proven. A review of fifteen studies which attempted to 
address this problem showed that conclusions were nullified by insufficient 
patient numbers or poor study design, and found no evidence that pre-hospital 
medication is of any benefit (Shuster and Chong 1988).
In some areas, drugs are administered routinely as prophylaxis to patients who 
have been successfully defibrillated (Eisenberg and Bergner 1980a). Whether the 
use of drugs in this situation reduces mortality is also uncertain. In this study, the 
ambulance staff were not able to administer drugs prophytactically, and none of 
the patients who were defibrillated into perfusing rhythms refibrillated before 
reaching hospital.
In eight cases, ventricular fibrillation required treatment with defibrillation only, 
which resulted in the highest proportion of survivors in any treatment group. A 
recent study in Yorkshire reported that 52/64 survivors initially in ventricular 
fibrillation received drugs, or were intubated (Wright and Bannister et al 1990), 
but whether any of these patients would have survived without drug treatment is 
not known. Pulseless rhythms immediately following defibrillation may be 
transient; one study has reported no difference in outcome between those patients 
treated with drug therapy and those who received basic CPR support only for this 
condition (Hoffman and Stevenson 1987).
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1.5.6 The Fate O f Patients Admitted
According to Eisenberg's reporting system, nine patients in this study who 
arrived at hospital able to maintain a pulse and blood pressure independently 
were classified as "admitted to hospital". However, a further three patients who 
did not arrive at hospital with a pulse were subsequently resuscitated in the 
Accident Department and admitted to hospital. One of these patients was 
eventually discharged, two died in hospital.
It has been suggested that failure to respond to pre-hospital ACLS predicts non- 
survival, and may warrant cessation of resuscitative efforts in the field 
(Kellerman and Staves et al, 1988; Bonnin and Swor, 1989). These conclusions 
were based on finding that only those patients who had arrested shortly before 
arrival in the Accident Department were resuscitated in hospital and survived to 
discharge without severe neurological impairment. The recommendations of an 
earlier study were that resuscitation should be continued when the patient arrives 
at hospital if CPR has been initiated promptly following collapse, the patient has 
a rhythm amenable to defibrillation, and defibrillation has not already been 
attempted (Smith and Bodai 1985). The findings of the present study support the 
latter view. In the case of the patient who survived following resuscitation in the 
Accident department, the judgement of the ambulance crew was in question. This 
patient may not have survived if a decision whether or not to continue 
resuscitation had been taken in the field.
The average stay in hospital for those patients who survived to be discharged was 
20 days. Of the patients who died in hospital, only one regained consciousness, 
and the length of stay of these patients ranged from less than one day to 83 days.
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1.6 SUMMARY O F CHAPTER ONE
Successful resuscitation of the pre-hospital cardiac arrest victim is dependant 
upon a short time from collapse to treatment, and this period can be broken down 
into several discrete time intervals. These time intervals are influenced by the 
nature of the community, and the ambulance service system.
In this study, few patients survived to be discharged from hospital (4/62 with 
cardiac aetiology, or 6%). Those who did were treated rapidly; in two out of 
four patients the arrest was witnessed by the ambulance crew; and three out of 
four patients required treatment with defibrillation only. The ability of the crews 
to administer drugs, insert endotracheal tubes or intravenous cannulae did not 
contribute to survival in any of the patients studied.
The most likely explanation for poor survival rates in London is that the time 
between collapse and treatment was longer for the majority of patients than is 
optimal for successful resuscitation. It is suspected that the actual critical time 
intervals in London may be longer than those estimated in this study.
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CHAPTER TWO
THE PERFORMANCE OF PARAMEDIC 
TRAINED AMBULANCE STAFF, AND 
PROGRESS OF THE SCHEME
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2.1 INTRODUCTION TO CHAPTER TW O
This chapter concerns the progress of the ACLS scheme following its inception 
and the performance of ACLS by the ambulance staff trained.
The performance of the ambulance staff is relevant because the way in which 
ACLS was administered might have independently affected patient outcome, 
regardless of community and system factors.
The literature review will describe how ambulance staff training in ACLS skills 
has evolved in the United Kingdom, culminating in the release of the NHSTA 
guidelines for the extended training of ambulance staff (Ambulance Staff 
Training Committee 1987), which is the officially accepted standard for training 
in this country. Studies will be described which confirm that basic and advanced 
cardiac life support skills deteriorate over time.
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2.2 LITERATURE REVIEW
2.2.1 Development Of Extended Training Programmes For .
Ambulance Staff In The United Kingdom
In England, specially trained ambulance staff were first used to man coronary 
ambulances in Brighton. In a review of this scheme, it was concluded that the 
use of ambulance staff in this role had practical and financial benefits over the 
use of medical staff (White and Parker et al 1973).
Ten years later, there were still only eight other ambulance-based resuscitation 
schemes in the United Kingdom (Jones 1983). Most had arisen out of individual 
enthusiasm for training (often by local hospital consultants), and private 
donations for equipment (Vincent 1986). These schemes differed in structure and 
function. Each had its own training programme, and the medical consultant 
involved had the responsibility of deciding which of the people he or she had 
trained were fit to practice.
The issues of training programme adequacy, skill deterioration and accountability 
as paramedic responsibility increased were a cause for concern. In the areas in 
the United Kingdom without schemes, there was an awareness of potential 
medicolegal problems, which, it was feared, may be accentuated by the lack of 
national support from the DHSS (Jones 1983).
Few of the operational schemes were documented in print, with the exception of 
Brighton, where the training programme consisted of weekly 90 minute lectures 
for six months, full time work in the coronary care unit for one month, and a 
short refresher course after one year (White and Parker 1973). Following 
training the ability of ambulance staff to recognize and treat arrhythmias was 
investigated, using ECG/audible cassettes of actual episodes of cardiac arrest. 
Separate studies reported accurate rhythm recognition in 91% (White and Parker 
1973) and 94% (Briggs and Brown 1976) of cases. Some ambulance staff in 
Brighton were also able to administer atropine and lignocaine. Although drugs 
were given appropriately in 98% of cases, the authors recommended that the use 
of drugs should be limited to a few highly experienced ambulance staff (Briggs 
and Brown 1976). The authors did not comment on the retention of these skills 
over time.
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During the 1970's, more ambulance staff wanted to undertake paramedic training 
but were frustrated by the lack of training programmes. As a result the 
Association of Emergency Medical Technicians (AEMT) was founded in Bristol 
in 1978. Once trained and registered with the Association, personnel are awarded 
the Diploma of Registered Emergency Medical Technicians (REMT). The 
Association has had little contact with, or influence upon training in local 
ambulance services, and REMT qualified individuals are not able to use their 
additional skills while working for a regular (National Health Service) ambulance 
service.
Therefore, although there was interest amongst ambulance services and some 
medical staff, lack o f official recognition of schemes, training guidelines and 
resources resulted in limited progress in the United Kingdom, with little evidence 
to show which schemes or training methods were particularly successful, how 
ambulance staff performed following training, and how long skills were retained.
With the new found support of the DHSS in 1984 the NHSTA aimed to provide 
a standard, nationally recognised training. The training package they produced is 
similar to that of the AEMT, consisting of a pre-selection examination, a 200 
hour course of lectures, and 160 hours of in-hospital training. All advanced 
cardiac life support skills are taught. The candidate is assessed by written and 
practical tests during training, and an annual one week refresher course is 
advised.
2.2.2 Paramedic Training In The United States
In the USA, at least 12 months full time training in emergency care is given in 
Seattle (Cobb and Alvarez 1976), and 1500 hours in Washington (Eisenberg and 
Bergner et al 1980a). However, American paramedics do not necessarily begin 
training with the same level of experience in basic ambulance aid as does a 
British ambulance man or woman. Therefore, although American and British 
paramedics perform the same skills following training, courses are difficult to 
compare.
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2.2.3 Retention Of Skills
The NHSTA guidelines, although extensive in their description of initial training, 
do not address in detail the issues of skill retention, continuing education or 
monitoring of performance to ensure continued competency following training. 
Each service is required to appoint an assessment and advisory panel whose role 
includes "continuous monitoring of the standards of training and operational 
practice of extended ambulance aid" (Ambulance Staff Training Committee 
1987). In addition, ambulance staff with special skills are required to 
successfully complete a requalifying course annually. However, there are no 
guidelines to indicate how these recommendations should be fulfilled.
This is a surprising omission, since studies have shown that regardless of the 
length or type of initial training, without continuing education, cognitive and 
technical skills of advanced cardiac life support deteriorate over time in 
paramedics (Skelton and McSwain 1977), doctors (Stross 1983), and nurses 
(Gass and Curry 1983; Kaye and Mancini et al 1986).
There are no data to suggest that knowledge or technical skills in basic or 
advanced life support improve with time and practice in the field following 
training. A study of house officers' performance of basic and advanced life 
support techniques (in a simulated situation), and their perceived confidence in 
performing these skills, was correlated with the number of arrests they had 
attended since training. It was found that attendance at more arrests was 
positively correlated with an increase in confidence, but not competence 
(Marteau and Wynne 1990).
Continuing education has been found to prevent deterioration o f cognitive 
knowledge (although knowledge does not improve), but does not maintain 
practical skills (Skelton and McSwain 1977, Stross 1983).
Skelton and McSwain's study investigated the skills and knowledge of 30 
paramedics between six and 30 months following training, in systems where 
continuing education and in-service training were emphasized. There was little 
deterioration in knowledge in the paramedics, but moderate deterioration in 
practical skills of endotracheal intubation and intravenous cannulation, even 
though these skills were also emphasized during continuing education
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programmes. There was significant deterioration in splint application, a basic 
skill frequently performed in the field, but which received little attention during 
continuing education programmes. It was concluded that with adequate in-service 
training and continuing education, cognitive skills do not significantly deteriorate 
and advanced technical skills will deteriorate "moderately". Without retraining 
and continuing education, even basic skills will deteriorate significantly, almost 
to the point of incompetence (Skelton and McSwain 1977).
A study of the effects of different types of continuing education in doctors was 
performed by Stross in 1983. Three groups of doctors were^investigated, all had 
successfully completed an ACLS course. Over the course of one year, two 
groups received interventions designed to reinforce knowledge and skills, one 
group with mailed periodic reprints, and another with quarterly patient 
management problems. The results showed that neither method of continuing 
education had a significant effect on the abilities of the doctors to identify 
dysrhythmias (which was an area where all three groups excelled) or perform 
basic CPR (performance was poor in all groups). It was found that good 
performance of basic CPR was highly correlated with active involvement in 
teaching these skills (the physicians who taught CPR maintained their skills at 
more than twice the rate of the others). Performance in a mock arrest situation 
was significantly better in both interventional groups than in the control group.
2.2.4 IVIonitoring Of Performance
The drawback of the type of study reviewed is that it is not known how 
performance in a simulated situation corresponds to performance in the field. 
Monitoring the performance of paramedics in the field is a particular problem, 
because they may not be called upon to use advanced skills on the occasions 
when they are being directly observed. An early study suggested that paramedic 
performance could be assessed by using patient tracers to assess effectiveness of 
paramedic treatment, thus the number of successful endotracheal intubations, 
intravenous cannulations, and successful resuscitations was regarded as a measure 
of paramedic effectiveness (McManus and Darin 1976). The drawback of this 
method being that other factors independent of paramedic treatment have greater 
influence over the likelihood of successful resuscitation than paramedic ability 
alone, for example, time to definitive care.
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Currently, reconstruction of actual cardiac arrest events performed in the field 
using dual channel cassette tapes, which provide a continuous audible and ECG 
recording, in addition to a written report form is considered the best available 
method of monitoring paramedic performance (Cummins and Austin et al 
1988b).
2.2.5 Summ ary
The existing literature indicates that paramedic skills deteriorate over time, with 
practical skills deteriorating more rapidly than knowledge.
Continuing education programmes are necessary to maintain skills, but even with 
the benefit of continuing education, technical skill is more difficult to maintain 
than knowledge, requiring frequent hands-on practice.
2.3 AIMS
1. To describe the progress of the scheme during the two years assessed.
2. To observe and appraise the performance of ACLS by ambulance staff 
following a training programme comparable to that described by the NHSTA.
3. To ascertain whether or not the actions of the ambulance crew may have 
independently influenced survival in the patients studied.
89
2.4 METHOD
2.4.1 Resume Of Scheme Organisation And Training
Seventeen ambulance staff in London underwent a training programme similar in 
length, content and organisation to that advocated by the NHSTA, and received 
no formal feedback or continuing education following training.
Details of the staff trained, selection criteria and the training programme, and 
capabilities of the staff following training were given in Chapter One, section
1.2, (see Tables 1.1, 1.2 and appendix 1.1). Methods of reporting and
documentation were described in section 1.2.3.
2.4.2 Data Collection
2.4.2.1 Cases Performed
The following were investigated:
1. The number of cases with complete data
2. The number of cases performed per month
3. The number of cases performed by each individual, and 
the number with ECG/audible cassette tapes.
2.4.2.2 Crew Performance
The patient report forms (shown in appendices 1.2 and 1.3) and the ECG/audible 
cassette tapes which were submitted by the ACLS trained crews between 
November 1985 and October 1987 were assessed retrospectively for the 
following:
Rhythm Recognition
The initial ECG documented on each tape was assigned by the researcher to the 
following categories:- 1. ventricular fibrillation/ventricular tachycardia 2. 
Asystole 3. Other rhythms. The ambulance operator's interpretation of the ECG
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rhythms was then compared with the rhythm categories assigned by the 
researcher.
Drug Administration According To Set Protocols
The sequence of drugs given by the operator to treat the initial arrhythmia seen 
on each tape was compared with the protocol sequence (Figure 2.1).
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Figure 2.1
Treatm ent protocols for ventricular fibrillation and asysto le
t
I
VF p ro toco l
Precordial thump
DC shock 200J
DC shock 200J
DC shock 400J
Intubation carried out
Lignocaine 200mg
DC shock 400J
Adrenalin 20ml 1/
DC shock 400J
A systo le  p ro toco l
Atropine
Adrenalin
Isoprenaiine
2mg (endotracheal)
20ml 1/10,000 (endotracheal) 
10Opg (Intravenous)
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Shock A dm inistration
Tapes were assessed to determine whether shocks were given appropriately. 
Continuity of Basic CPR
Performance of basic CPR can be identified by observing the deflections of the 
ECG together with sounds on an ECG/audible tape. Excess background noise or 
a poor ECG trace prevent an assessment of whether basic CPR is being carried 
out. American Heart Association guidelines allow interruptions to BLS of up to 
30 seconds during endotracheal intubation (American Heart Association 1987). A 
stop watch was used to measure interruptions to basic CPR of greater than 30 
seconds. The continuity of basic CPR was not assessed during movement of the 
patient.
Quality O f ECG  Trace
The trace was deemed poor quality if  the ECG could not be identified, as a result 
o f artefact.
Sequence O f ACLS Procedures
The protocol states that in the case of patients in ventricular fibrillation, three 
shocks should be given initially. Intubation is then carried out, for airway 
protection and ventilation, and in order for drugs to be given via the endotracheal 
route. For asystolic patients, or patients with EMD, intubation is performed first.
Operators were required to enter the time of each intervention on the structured 
part of the reporting form. Tapes and forms were assessed for compliance with 
these instructions.
Time To Detibrillatory Shock
The time taken to administer the first shock, from the time ventricular fibrillation 
was first seen by the researcher on the tape to the time the shock was 
administered was measured in seconds using a stop watch.
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Time To Initiation Of ACLS Procedures
Report forms were scrutinised to document the time intervals between ambulance 
arrival and ACLS procedures.
a) The time interval between arrival at the scene of cardiac arrest and ACLS 
procedures was ascertained by subtracting the time the first procedure was 
performed (which was documented on the coronary care report) from the time of 
arrival at the location of cardiac arrest documented on the standard ambulance 
reporting form.
b) The time from arrival to defibrillation in those patients in VF on arrival of the 
ambulance crew was similarly estimated.
94
2.5 LIMITATIONS OF METHODOLOGY
It was hoped that by assessing these data, an idea of the competency of the 
individuals performing ACLS, following a training programme similar to 
NHSTA guidelines, who had no continuing education or feedback about their 
performance after training, could be gained.
As with Chapter One, the study was limited by the small number of individuals 
involved, cases performed, and amount of missing data; these factors will be 
discussed in relation to the progress of the scheme. The data are presented to 
show the general trends in performance observed, emphasising those findings 
which have implications for future training and monitoring of performance of 
paramedic staff.
An additional limitation of this part of the study was the fact that the ECG strips 
were assessed by the researcher only. For this reason, the ECG's were assigned 
to one of three simple categories only for purposes of the assessment, although 
the ambulance staff themselves did categorize rhythms other than ventricular 
fibrillation/ventricular tachycardia or asystole into more specific categories.
The ECG audible cassette tapes were of variable quality. Inadequate 
commentary, or extraneous noise made objective assessment very difficult. At 
the beginning of the tape, the operator would usually give a small introduction 
and state what ECG rhythm was found and what treatment was being given. As 
the incident progressed, the operators concerned themselves more with 
communicating with each other and with bystanders and preparing to move the 
patient, and the commentary became less explicit. Consequently, a more 
objective assessment of the recognition and treatment of the initial ECG was 
possible. For this reason, details regarding rhythm recognition and treatment of 
the initial ECG only are presented.
9 5
2.6 RESULTS
2.6.1 Data Available
All 99 cases were documented by report forms. Fifty seven of the 99 cases 
(58%) were also documented by ECG/audible cassette tape. Of the 62 patients 
with a cardiac cause of arrest, 37 (60%) tapes were available. The reasons why 
recordings were missing were reported by the ambulance crew in 33% of cases 
(Table 2.1).
Table 2.1
Missing ECG/audible cassette tapes
Reason Number of cases
Operator not activating
recorder 4 (10%)
Tape recorder malfunction 6 (14%)
Tape incorrectly loaded 2 (5%)
Tape received blank 1(2% )
No tapes available for use 1(2% )
No reason given/lost 28 (67%)
Total 42 (100%)
Number of cases performed and number of individuals assessed
Two of the instructors trained did not have the opportunity to use their skills in 
the field. Two people did perform cases, but no ECG/audible tapes for these 
cases were available. The number of cases for which tapes were available ranged 
from 0 to 10 per person.
Excluding the ambulance instructors, who were not continuously involved in 
fieldwork, the total cases performed by each individual ranged from 1 to 18.
Figure 2.2 shows the total number of cases performed by each individual during
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the 24 months assessed, and the number of these cases for which tapes were 
available.
Seventeen staff were trained initially. During the scheme, the number of staff 
continuously involved in fieldwork gradually decreased. By the end of the 
scheme, four of the original staff trained were still involved in front-line duties.
Cases performed per month
The number of cases performed per month from November 1985 until October 
1987 can be found in Figure 2.3.
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2.6.2 Crew Performance 
Rhythm Recognition
Table 2.2 shows the proportion of different initial ECG rhythms identified by the 
researcher.
Table 2.2
Initial ECG Rhythms Identified By Researcher
Ventricular fibrillation/tachycardia 13 (23%)
Asystole 22 (38%)
Other rhythms 14(25% )
Rhythm indecipherable 8 (14%)
Total 57
Ventricular Fibrillation/Tachycardia
In all cases of ventricular fibrillation and tachycardia, there was agreement 
between the classification of the researcher and the ambulance operator.
Asystole
There was agreement between the researcher and the ambulance operator in all 
cases of asystole.
Other Rhythms
There was agreement between the researcher and the ambulance operator in 
13/14 (93%) cases. In one case the crew referred to an organised rhythm as 
asystole (Figure 2.4).
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Indecipherable Rhythms
In 8/57 (14%) cases, the ECG rhythm could not be classified with confidence by 
the researcher, due to artefact. In six of these cases the ambulance operator 
classified the rhythm as ventricular fibrillation (see examples. Figure 2.5), and in 
two cases, as asystole (see section on quality of ECG trace).
Drug Administration
Drugs were given in 53/57 cases. The initial ECG rhythms were treated 
according to protocol in 46 (87%) cases. Errors made were as follows
1. Organised rhythms (without output) treated according to the asystole protocol 
(three cases); in one case this was secondary to rhythm recognition error.
2. Isoprenaline repeated (one case).
3. No lignocaine given for ventricular fibrillation (two cases).
4. Adrenalin given before atropine (one case).
Shock Administration
All patients where initial ECG's were identified as VP were shocked 
appropriately by the operators. None of the patients with an initial ECG rhythm 
of non-VP received shocks, but shocks were administered in the six cases 
classified as VP by the ambulance operator, which were judged to be artefact by 
the researcher.
Continuity of Basic CPR
Continuity of chest compressions and ventilation was assessed in 49/57 (86%) 
cases. In 6/57 (11%) cases, CPR was not required because a pulse was restored, 
or the patient suffered cardiac arrest just before arrival to hospital, and in 2 (4%) 
cases a poor ECG trace prevented assessment of continuity of CPR.
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Duration of measured interruptions to CPR measured can be found in Table 2.3 
Table 2.3
D uration of in terruption  No. (%) of cases
to CPR assessed
No interruptions 26 (53%)
30-60 seconds 12 (24%)
60-120 seconds 4 (8%)
>  120 seconds 7 (14%)
Total 49
Quality of ECG  Trace
In 8/57 cases (14%), diagnoses were made on the basis of a poor ECG trace.
On five occasions, the ECG trace was read via the defibrillator paddles. The 
resulting trace was indecipherable but judged to be VF by the ambulance crew 
(Figure 2.5). In one case, the ECG could not be identified due to the presence of 
artefact.
On two occasions, the "gain" of the monitor appeared to have been turned down. 
No deflections could be seen on the ECG trace when there was audible evidence 
that CPR was being carried out, or patients were being moved, both of which 
would normally generate ECG artefact. The ambulance crew judged the ECG to 
be asystole in these cases.
Sequence of ACLS Procedures
Sequence of ACLS procedures was assessed in 70/99 (71%) cases. In 29 (29%) 
cases, neither the written report, nor the tape (where available) indicated clearly 
which intervention had been performed first.
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In 25 (25%) cases, staff reported that intubation was carried out before ECG 
leads were applied. In two (2%) of these cases, the patient was moved to the 
ambulance before ECG leads were applied.
In 45 (45%) cases, it was stated that ECG leads were applied before the patient 
had been intubated.
Table 2.4 shows how the errors of interruptions to CPR, diagnosis on the basis 
of a poor ECG trace, and intubation before application of ECG leads were 
distributed among the operators in whom performance was assessed.
Time To Shock Administration (from time tape switched on)
Where shocks were administered, the mean time to administering the first shock 
from the time the initial ECG appeared on the oscilloscope was 66 seconds (SD 
+ /-  46 seconds, range 22 - 221 seconds, 19 cases assessed).
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TABLE 2.4
FREQUENCY
OPERATOR
OF OCCASIONS PRACTICAL ERRORS WERE MADE BY EACH
O perator* C a s e s  
perfo rm ed  
(Tapes available)
In tu b a ted
first
In te r ru p tio n s  
to CPR
Poor ECG 
t rac e
1 2(1) 1 0 0
2 6(3) 0 0 0
3 3(0) 1 0 0
5 6(2) 0 1 1
7 7(3) 2 0 0
8 10(9) 0 5 2
9 4(0) 2 0 0
10 3(3) 1 2 0
11 4(2) 0 2 0
12 12(9) 4 3 0
13 1(1) 1 1 1
14 1(1) 0 0 0
15 15(10) 5 4 3
16 7(6) 1 2 1
17 18(7) 7 3 0
Total 99 (57) 2 5 2 3 8
No. of
c a s e s  a s s e s s e d 7 0 /9  9 4 9 /5 7 5 7 /5 7
‘operators 4 and6 did not perform any cases
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Time To Initiation Of ACLS Procedures
Relevant time intervals were obtained from tapes and/or report forms. Where 
relevant times were not available, this was due to the time of collapse being 
unknown, or the crew failing to enter the time that ACLS procedures were 
commenced. Figure 2.6 shows the median, mean and range of time intervals from 
ambulance arrival to initiation of ACLS procedures for all patients who arrested 
prior to arrival of the ambulance, and for those with cardiac cause of arrest.
Regarding those patients described in Chapter One, in four patients found in 
ventricular fibrillation, it was estimated that the ambulance arrived within eight 
minutes of collapse, but the patient was intubated before ECG leads were applied. 
Time intervals from ambulance arrival to defibrillation and intubation in these 
patients are shown in Table 2.5.
Table 2.5
Estimated time between 
collapse and ambulance 
arrival**
Minutes from ambulance 
arrival to
a) defibrillation
b) intubation
a b
< 8 12 9*
< 8 4 3
< 8 7 2
< 8 8 2
* denotes procedure performed first, if time unknown
** does not include cases of crew witnessed arrest
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Figure 2.6 Time from am bulance arrivai to imitation of ACLS 
procedures
V alues = num ber of patien ts 
Time in m inutes
Arrest prior to am bulance crew arrival
Arrest prior to am bulance crew arrival
Time known 
44
R ange 1-10 
Median 3 M ean 3
Total c a se s
Patients in VF
Arrest due to cardiac ca u ses
R ange 1-10 
Median 3 Mean 4
Time known
Time to first ACLS Time to defibrillation *
procedure R ange 1-12
R ange 1-6 Median 4 M ean 4
Median 2 Mean 3
whether or not the first procedure performed
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2.7 DISCUSSION
2.7.1 Progress Of The Scheme
The first aim of this part of the study was to describe the progress of the scheme 
during the two years assessed.
A striking observation is the decrease in number of cases performed per month 
from the beginning to the end of the two year period. This can be explained by 
the informally observed gradual decrease in the number of operators involved in 
front-line duties over time following training. Acquiring ACLS skills conferred a 
degree of prestige and seniority to the staff involved. Consequently, following 
training, some of the full-time front-line staff were promoted to more senior, but 
more administrative posts, and since there were only a limited number of 
instructors with ACLS skills, the instructors trained were needed in the 
classroom to teach these skills. More staff were not trained to replace those lost, 
and therefore, by the end of two years, the scheme was hardly operational.
The methods of documentation employed by the London Ambulance Service, 
that is ECG/audible tapes and written report forms, is believed to be the most 
reliable method of recording pre-hospital cardiac arrest events (Cummins and 
Austin et al 1988b). However, recording events on paper and on tape to facilitate 
assessment of scheme efficacy and operator performance requires a major input 
from the operators themselves. In this study, reporting and documentation by the 
ambulance personnel was poor. Firstly, 42% of ECG/audible tapes were 
missing. The operators were required to activate the dual channel recorder on 
attaching the ECG monitor to the patient, remove the tape after the patient had 
been delivered to hospital and send it to ambulance headquarters with the patient 
report form. The operators were therefore in a position to decide whether or not 
to record the incident, and if the incident was recorded, whether or not to submit 
the tape. This method of documentation will therefore not be successful without 
careful monitoring of the number of cases performed by each member o f staff 
and prompt follow-up if tapes are not received.
Secondly, there was a high incidence of missing data on each report form. Times 
when each procedure was performed were often not included. This may have 
been rectified had the report forms been examined during the scheme. Also,
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several relevant details related to crew performance and the circumstances of 
cardiac arrest were not requested on the structured part of the report form (for 
example, incidence of bystander CPR, estimated time of collapse, method of 
recording the ECG, order in which ACLS procedures were performed). This 
information was available if included by the operator in optional unstructured 
notes, but it was noticeable that these notes became shorter and contained less 
information as the scheme progressed. Therefore, documentation was variable 
according to the type and amount of information volunteered by the operator, 
and also poorer in the later performed cases.
To obtain complete information regarding the scheme and its progress, and staff 
performance, inclusion of information regarding those variables affecting 
survival should be requested in a structured reporting format, and monitoring of 
documentation should be carried out.
2.7.2 Crew Performance
The assessment of crew performance was hampered by the lack of data, and 
missing data described. There were insufficient numbers of cases to assess each 
individual's performance over time since training. The number of cases 
performed by each individual per year during the two years assessed ranged from 
one to nine (excluding ambulance instructors).
Rhythm Recognition And Drug Treatment
Where ECG rhythms were decipherable, errors in rhythm recognition were 
infrequent, according to the rhythm classification of the researcher. A high level 
of accuracy in rhythm recognition in paramedics was also reported in Brighton 
(White and Parker et al 1973).
Few errors in drug administration were detected. The majority of these errors 
were judged to be minor; for example, treatment of electro-mechanical 
dissociation with adrenalin did not comply with ambulance service set protocols, 
but is in line with current United Kingdom Resuscitation Council guidelines, and 
is unlikely to have adversely affected patient outcome. Furthermore, after the 
scheme had become operational, there appears to have been some confusion 
among the crews over whether treatment of organised rhythms without output
1 0 8
according to the asystole protocol was authorised. In fact, this was not an 
authorised, and has therefore been classed as an error, but some of the staff were 
under the impression that this was an official change to the protocol. This further 
demonstrates the need for more formal feedback of information to the staff.
Continuity of Basic CPR
Basic CPR should not be interrupted. In over half of the cases assessed, 
interruptions to basic CPR of 30 seconds or more were detected. This represents 
a failure to follow procedures. Informal observation suggested that some of the 
longer interruptions to CPR (greater than 120 seconds), were associated with 
endotracheal intubation. This finding was not examined in depth because not all 
patients were intubated after the recorder was activated, and in others, it was not 
possible to decipher from the tape when intubation was taking place.
Investigation is required to determine whether a two person ambulance crew is 
sufficient- to ensure provision of continuous CPR in addition to ACLS in pre­
hospital circumstances.
Quality of ECG Trace
Although there was good agreement between the researcher and the ambulance 
operators in diagnosis of ECG rhythms, there was disagreement in those cases 
where the ECG was diagnosed on the basis of a poor trace. When this occurred 
(14% of cases), it was not possible to judge whether or not appropriate treatment 
had been given. Where the ECG gain appeared to have been turned down, 
producing a straight line on the monitor, patients were treated for asystole. In 
cases where the ECG was read via the defibrillator paddles and the trace was 
distorted by artefact, patients were treated for ventricular fibrillation. Very good 
contact between the defibrillator paddles and the patients chest is required to 
produce a clear ECG trace using the "quick look" paddle technique. In an actual 
cardiac arrest, natural curvature of the patients chest, and presence of clammy 
skin surface and inadequate paddle pressure may prevent adequate contact being 
achieved, resulting in the ECG trace being distorted by artefact (Figure 2.5). The 
technique is relatively easy to perform when simulated using a training manikin, 
since light contact between the defibrillator paddles and two smooth metal chest 
studs is sufficient to produce a clear ECG. Simulation of this technique in the
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classroom is therefore not a good indication of what might be expected in an 
actual cardiac arrest situation.
The potential consequences of these errors in terms of patient survival are 
difficult to predict. Patients treated for asystole who might have been in 
ventricular fibrillation and did not receive a defibrillatory shock would have had 
a reduced chance of survival. Although defibrillation of rhythms other than 
ventricular fibrillation is not recommended by the United Kingdom Resuscitation 
Council, blind defibrillation of pulseless patients is recommended by some 
authorities (Jones and Kerr et al, 1990), and it is unlikely that the patients who 
were shocked, but were not in ventricular fibrillation, would have had their 
chance of survival reduced because of this.
In 20 (20%) of all cases, it was clearly stated on the written report form that the 
ECG had been read via the defibrillator paddles. In 17 (85%) of these cases, it 
was reported that an ECG of VF was found and a shock was administered. In 
five cases documented on cassette tape, where the ECG was read by the paddles, 
and VF was diagnosed by the ambulance crew, there was only considered to be 
sufficient evidence of VF in one case. This observation casts doubt on the 
reported diagnoses of VF read via the defibrillator paddles by the ambulance 
crew which were not documented on tape. The actual number of patients initially 
found in VF could therefore be less than was reported in Chapter One.
Time To Shock Administration
The average time taken to administer DC shock (in all cases where shocks were 
given), from the appearance of the ECG on the monitor was more than one 
minute. It was not possible to assess whether the operators were slow to 
recognise the rhythm, were lacking in confidence (particularly if they had not 
used ACLS skills very often, since some operators performed less than five cases 
during the two years assessed), whether interference from bystanders reduced the 
speed with which the shock could be given, or that staff were unaware o f the 
necessity of rapid shock administration.
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Time To Initiation Of ACLS Procedures
The mean time between ambulance arrival and initiation of ACLS procedures 
was four minutes. Some time is unavoidably lost after locating the patient, while 
obtaining a brief history, commencing basic CPR and removing clothing. In the 
London Ambulance Service, the time of ambulance arrival documented on the 
standard ambulance reporting form is defined as the time of arrival at the address 
given via 999 call. It may then take several minutes to locate the patient, 
particularly if the address has not been given correctly, or is difficult to find, for 
example, in a high rise estate. If these additional delays between collapse and 
definitive care are unavoidable, they can be regarded as another community 
factor which serves to further prolong the average response time in London.
Although some degree of error in recording time intervals during a stressful 
situation is possible, and the time of ambulance arrival and time of initiation of 
ACLS procedures were recorded on two different reporting forms, it is 
customary for the ACLS trained person to complete both forms, and normally, 
this would have been done immediately after the event following "hand-over" of 
the patient at hospital, therefore the time intervals estimated are believed to have 
been as accurate as can be expected.
Regardless of the reliability of estimated time intervals, what is irrefutable is that 
defibrillation was avoidably delayed in those patients where endotracheal 
intubation was performed before ECG leads were attached. From case histories 
documented on the patient report forms, in those cases where patients were 
intubated before ECG leads were attached, it appears that intubation equipment 
was taken to the patient initially, on arrival of the ambulance crew. The patient's 
condition was assessed, and intubation performed while the other crew member 
returned to the ambulance for the defibrillator.
As all staff had been practising intubation for some time before the ACLS 
course, they might have found adoption of a new priority difficult. This may 
reflect a lack of emphasis on the importance of prompt defibrillation in the initial 
training programme, or lack of clarity of the protocol.
Although the protocol stated that patients in ventricular fibrillation should first 
receive up to three defibrillatory shocks, followed by intubation if necessary, the
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protocol did not state which equipment should be taken to the patient 
preferentially. Ideally, the defibrillator should have been taken in the first 
instance to every potential cardiac arrest victim, or, since the presence of cardiac 
arrest cannot be predicted with confidence from the information given via 999 
call, to every patient attended. Transporting the defibrillator to every patient 
attended would prove cumbersome and inconvenient, and most o f the time, 
unnecessary. Cardiac arrest patients make up only a small proportion of the total 
patients attended by ambulance staff (the maximum number of victims treated by 
one operator during the two year period assessed was 18).
The performance of ambulance staff cannot be monitored easily and relies on 
information given by the staff themselves. If staff are unaware of the importance 
of rapid defibrillation, taking the defibrillator to every patient would be a 
directive almost impossible to enforce.
The ambulance staff volunteered this information, and were presumably under 
the impression that their actions were correct and in the best interest of the 
patients. This suggests that they were not aware of the necessity o f rapid 
defibrillation.
2.7.3 Effects Of Crew Performance On Patient Survival
It is not possible to demonstrate the effect of the errors detected on outcome in 
the patients reported in this study, because of lack of data, and few survivors (in 
the four survivors, only one required basic CPR by the ambulance crew for more 
than two minutes, one required intubation, and two had arrested before 
ambulance arrival). But, since a linear relationship between minutes to 
defibrillation and survival has been demonstrated (Eisenberg and Bergner et al 
1979a), it is assumed that where defibrillation was delayed, the patient's chances 
of survival would have been reduced, particularly in patients who were reached 
within optimum time intervals (ie less than eight minutes), but were not 
defibrillated until several minutes later because intubation was performed first. 
Estimated time intervals suggest that this was the case in four patients.
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2.8 SUMMARY O F CHAPTER TWO
The ACLS scheme described was hardly operational after two years, because few 
staff were trained and they were not replaced as they either left the service or 
were promoted.
Following a training programme in paramedic skills comparable in length and 
content to that advocated by the NHSTA, with no formal monitoring and 
refresher training, the ambulance staff acquired a good knowledge of ECG 
rhythms and treatment protocols, but errors in application of skills were detected. 
Some of these errors could potentially have reduced the likelihood of patient 
survival. None of the errors documented were exclusive to one operator, but 
some operators made the same mistakes on several occasions.
Advanced cardiac life support skills deteriorate over time, therefore monitoring 
and refresher training of practitioners of ACLS is advisable. The recently 
released NHSTA guidelines do not describe in detail how this should be done. In 
the scheme described, monitoring of ECG/audible cassette tapes and written 
report forms as the scheme progressed might have prevented repetition of errors 
and possibly enhanced the effects of the treatment given. Monitoring of 
performance by the method recommended is also useful to assess the adequacy of 
the initial training programme, and identify areas which require retraining.
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CONCLUSION TO PART ONE 
Resume Of Findings
The scheme described in Part One was the first venture into full ACLS training by 
the London Ambulance Service. No previous work into critical time intervals, 
incidence of witnessed arrest or bystander CPR had been carried out in London. 
This investigation was limited by the poor quality of the data, an observation 
which in itself, has important implications for future schemes.
The following observations were made in Chapter One:-
1. The majority of patients did not receive basic and advanced treatment within 
optimum time intervals for survival, in most of those who did, the arrest was 
witnessed by the ambulance crew.
2. None of the patients found in ventricular fibrillation who required treatment 
with drugs or intubation survived.
The following observations were made in Chapter Two:-
1. Some aspects of crew performance could have reduced the likelihood of 
survival, but since the majority of patients were not reached until more than ten 
minutes following collapse, the influence of crew performance on survival rates 
overall is thought to have been negligible.
2. Information regarding initial ECG rhythm categories quoted in Chapter One 
was derived from information reported by the ambulance staff where ECG/audible 
tapes were not available. There is doubt over whether some of this information 
was accurate; there was disagreement between the researcher and the operator in 
the case of some ECG rhythms diagnosed on the basis of a poor ECG trace. The 
consequence of this is that the number of patients reported to have been found in 
ventricular fibrillation might have been overestimated.
3. The scheme was not monitored, or maintained by the ambulance service, and 
after a period of two years, was hardly operational.
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Implications For Future Schemes In London
Without rapid response times of the general public and the ambulance service, 
the lives of few pre-hospital arrest victims will be saved regardless of the level of 
paramedic ability (Eisenberg and Bergner 1980a). However, the patients who did 
survive in London may not have done so had they had to wait until arrival at 
hospital before being defibrillated. There is evidence that treatment of patients in 
cardiac arrest with basic CPR only by ambulance crews is not successful 
(Eisenberg and Copass 1980a), and that basic CPR does not prevent deterioration 
of VF to asystole (Enns and Tweed et al 1983). Therefore there is a need for 
some level of pre-hospital ACLS provision.
With the existing community and system factors, there is a need to increase the 
probability of the small number of patients with a good chance of survival being 
attended by crews with advanced skills. It is possible that training larger groups 
of ambulance staff in defibrillation skills only, rather than training a small group 
of ambulance staff in a wide range of skills, may result in greater numbers of 
survivors. This system would be more economical, requiring shorter training and 
less refresher training, and the problem of natural wastage observed in the small 
elite group of staff would be lessened.
The importance of careful documentation and monitoring of staff in order to 
fully assess scheme efficacy, and to maximise the effects of treatment given by 
ensuring optimum crew performance cannot be over emphasized.
These approaches will be examined in Part Two (Chapters Three to Five).
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PART TWO
TH E USE O F AUTOMATED DEFIBRILLATORS BY AMBULANCE
STAFF IN LONDON
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INTRODUCTION TO PART TWO
Early studies into pre-hospital cardiac care in Britain failed to prove conclusively 
the worth of a paramedic type of ambulance service. American studies 
demonstrated that paramedic ambulance services were more effective in saving 
lives than were conventional ambulance services because the time interval from 
collapse to definitive care was shortened, but if ambulance response times are slow 
(greater than eight minutes) and bystanders do not provide basic CPR, the life 
saving potential of a paramedic ambulance service is reduced. The results 
presented in Part One suggest that this may be the situation in London.
It has also been shown that patients when found with ECG rhythms other than 
ventricular fibrillation have very little chance of survival, irrespective of therapy 
(Cobb and Alvarez 1976, Eisenberg and Bergner 1979a) and the majority of 
patients who are resuscitated by paramedics are converted to a perfusing rhythm 
after one or two early shocks, without drug administration (Warner and Hoffman 
1985). These findings support the conclusions drawn in Part One and provide the 
rationale for the second part of this investigation, in which basic trained 
ambulance staff in London are trained in defibrillation only.
Training in conventional defibrillation is shorter and therefore more economical 
than full paramedic training. Training ambulance staff in the use of an automated 
external defibrillator (AED) requires a training programme which is shorter still, 
because this device incorporates an electronic logic system which is capable of 
analysing and interpreting the patient's ECG rhythm. Therefore, use of automated 
defibrillators should allow even faster and more widespread provision of 
defibrillators in the community, than would use of conventional defibrillators. In 
theory, patient outcome should not be compromised since both devices perform 
the same function.
Part Two investigates the use of AED's by ambulance staff in London, and is 
presented in three chapters, concerning patient outcome, AED accuracy and crew 
performance.
The aim of the study presented in Chapter Three was to compare the outcomes of 
patients treated by ambulance staff using basic CPR alone, and those treated by 
ambulance staff using an automated external defibrillator as an adjunct to basic
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CPR. Chapter Four concerns AED accuracy. The performance of the AED used 
("Lifepak 200" Physio-Control Corporation) is assessed. Chapter Five assesses 
the performance of the ambulance staff using the AED following a brief training 
programme.
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CHAPTER THREE
A CONTROLLED TRIAL OF THE USE 
OF AUTOMATED EXTERNAL DEFIBRILLATORS 
IN THE LONDON AMBULANCE SERVICE
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3.1 LITERATURE REVIEW
3.1.1 Development Of Resuscitation Schemes Involving 
Defibrillation Only Trained Staff
Programmes involving ambulance staff trained in defibrillation only evolved in 
America for two reasons: First, it was shown that where no paramedic service was 
available, treatment of victims of out-of-hospital cardiac arrest with basic CPR 
alone and transportation to hospital resulted in 6% survival compared with 22% in 
communities with paramedic services (Eisenberg and Copass et al 1980a). In areas 
where geography or population density prohibits development of a cost effective 
paramedic service, a more rational option was to train basic EM T's to recognise 
ventricular fibrillation and use a defibrillator. Secondly, in a two tier system (with 
first responding basic trained EM T's, followed by paramedics) training EM T's to 
defibrillate before paramedic arrival was a method of further reducing the time to 
definitive care.
Controlled trials of EMT defibrillation have been performed in both systems. In 
two tier systems, increased rates of survival to hospital discharge have been 
demonstrated in both suburban (Eisenberg and Hallstrom et al 1984) and urban 
areas (Weaver and Copass et al 1984). It was also demonstrated that where EM T's 
were able to defibrillate before paramedic arrival, rather than provide basic life 
support only, a significantly higher proportion of those patients resuscitated 
regained consciousness within 24 hours (Weaver and Copass 1984).
Increased survival rates were also demonstrated in a suburban area, in a system 
where EM T's were the sole responders (Eisenberg and Copass et al 1980b). In 
rural areas, one study from Iowa demonstrated increased survival with EMT 
defibrillation when compared with basic EMT services (Stults and Brown et al 
1984), while another study from Minnesota failed to demonstrate any increased 
survival to hospital discharge (Bachman and McDonald et al 1986). The authors 
point out that shorter distances were travelled in Iowa, and therefore response 
times, and consequently, times to definitive care were shorter than in Minnesota, 
which probably accounts for this. The same findings were reported in a study from 
rural Wisconsin (Olson and LaRochelle et al 1989).
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In the United Kingdom, several years after the early trials involving MCCUs 
(Hampton and Nicholas 1978), an alternative scheme was developed in 
Nottingham involving training ambulance staff in defibrillation only (Rowley and 
Gamer 1985) an uncontrolled trial of this scheme resulted 11 % long term survival 
from cardiac arrest (Rowley and Mounser et al 1987). As discussed in Chapter 
One, the criteria for inclusion of patients were not in accordance with those of 
studies reported from the United States.
3.1.2 Training And Monitoring Of Staff
Training programmes in ECG rhythm recognition and conventional defibrillation 
for basic ambulance staff range from 10 to 96 hours. (10 hours in Seattle, 
Eisenberg and Copass 1980b; 16 hours in Iowa, Stults and Brown et al 1984; 21 
hours in Minnesota, Bachman and McDonald et al 1986; 96 hours in Nottingham, 
Rowley and Mounser et al 1987). American investigators have stressed the need 
for strict medical supervision and control, careful monitoring of performance by 
review of ECG/audible cassette tapes of every case, and regular refresher courses 
to maintain skills (Eisenberg and Cummins 1986, Stults and Brown 1986a). The 
problem of maintaining defibrillation skills is particularly marked in rural areas. 
It was estimated than an Emergency Medical Technician working in rural 
Nebraska may only defibrillate a patient once every 6 years (Omato and McNeill 
et al 1984). Concerns regarding medical control, training, continuing education 
and skill retention are believed to have impeded the spread of EMT defibrillation 
in America.
3.1.3 The Automated External Defibrillator
The AED presented a possible solution to these problems. The first device, 
actually an automatic external defibrillator and pacemaker, was described in 1979 
(Daick and Welborn et al 1979). This machine was designed to detect respiratory 
signals and analyse the ECG of the victim, via an intrapharyngeal sensor and a 
lingual-epigastric skin pathway. Following assessment o f the victim, if respiration 
was absent, the machine would deliver either a defibrillatory shock (if ventricular 
fibrillation was detected) or pacing impulses (if asystole was detected). 
Defibrillatory shocks were delivered via the tongue/epigastric route. The device 
was intended for use by basic trained Emergency Medical Technicians and the 
general public. The advantage of this type of device was that skills of ECG
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recognition were not required to use the AED and defibrillate a patient. Thus, 
relatively unskilled people could potentially be trained to defibrillate, and shorter 
training and less frequent monitoring and retraining of operators would be 
required.
3.1.4 AED Accuracy
Initial trials of the device were concerned with accuracy of rhythm recognition, 
which was reported in terms of "sensitivity", or percentage of ventricular 
fibrillation recognised and shocked, and "specificity" or percentage of non- 
ventricular fibrillation recognised and not shocked. Investigations into device 
performance will be reviewed more extensively in Chapter Four. In brief, 
laboratory evaluations demonstrated that earlier models were sufficiently accurate, 
although the machine failed to recognise and defibrillate "low voltage" ventricular 
fibrillation (defined as less than 3.5mm by Rozkovec and Crossley et al 1983; and 
less than 1.5mm amplitude by Cummins and Eisenberg 1984).
3.1.5 Trials Of AED's In The Field
Two small scale field evaluations were carried out initially, which resulted in few 
long term survivors; 5/38 in Brighton (Jaggaro and Heber et al 1982), and 1/13 in 
Washington (Cummins and Eisenberg et al 1984).
Although first described in 1979, the device was not extensively field tested for 
several years. Possible reasons for this included the unpopularity of the tongue- 
epigastric defibrillatory pathway, few commercially available machines, and the 
limited number of survivors achieved in early small scale field trials.
These problems were gradually overcome. In later models of the AED, the 
respiration detector and the lingual epigastric skin pathway were discontinued, in 
favour of two adhesive electrodes attached to the chest through which the ECG 
was assessed and the shock delivered. It was also recognised that survival rates are 
influenced more by patient and system factors than by use of the AED to 
defibrillate. This was demonstrated in Washington. The same AED was used in 
two different communities; there were no differences in AED performance 
between communities, but there were differences in the number of patients 
converted to a perfusing rhythm, and in rates of admission to, and discharge from
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hospital, which were explained by differences in community and system factors 
(Cummins and Eisenberg et al 1985b). In 1986, a more extensive uncontrolled 
study of AED use by Emergency Medical Technicians working in a two-tier 
system was performed in Seattle (Weaver and Copass et al 1986). Twenty seven 
percent survival was achieved, and 21/91 (23%) of patients defibrillated by EM T's 
had return of pulse and blood pressure by the time paramedics arrived.
3.1.6 Comparison Of AED's With Conventional 
Defibrillators
The next stage of investigation was to compare automated defibrillation with 
conventional defibrillation. A controlled trial of EMT operation of AEDs ("AED" 
group) compared with EMT operation of conventional defibrillators ("manual" 
group) was first performed in a rural area (Stults and Brown et al 1986b). 
Adjacent communities were used as experimental and control areas. Hospital 
admission and discharge rates were similar in both groups (patient characteristics 
in the two areas were not reported). A disadvantage of the AED was a higher 
incidence of machine failure and malfunction (preventing rhythm assessment or 
shock delivery) when compared with the conventional defibrillators (15% 
compared to 8%). Advantages in the AED group were a significantly faster 
delivery of shocks, and a higher percentage of ventricular fibrillation was 
terminated. The reasons for improved termination of VF could not be determined 
in this study.
A similar study in a suburban two-tier system (Cummins and Eisenberg et al 1987) 
showed similar results; patient admission and discharge rates, after controlling for 
differences in community and system factors, were comparable, and the time from 
'power on' to shock administration was shorter in the AED group.
A later report from Iowa suggested that some of the advantages of automated 
defibrillation may have been as a result of the different type of electrode used with 
the AED. Comparing the use of adhesive, dual function, monitor/defibrillation 
electrodes with chest monitoring leads used plus hand held defibrillator paddles 
(both with a conventional defibrillator) showed that shock administration was 
faster, more VF was terminated, less artefact was recorded, and more patients
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survived to hospital admission in the group treated by dual purpose electrodes 
(Stults and Brown et al 1987).
A study carried out in Stockholm aimed to compare the use of a conventional 
defibrillator and two types of automatic defibrillator (Jakobsson and Rehnqvist 
1990). A different device was used in each of three different areas of Stockholm. 
Numbers of survivors were too small to compare between the three systems (two 
patients who were defibrillated survived), this was attributed to low incidence of 
witnessed arrest, lack of bystander CPR and long ambulance response times. 
Sensitivity and specificity was reported as 100% for all three systems, although the 
number of initial ECG's available for review was 93% and 97% for the AED 
groups, but only 80% for the conventional group (no comment is made about this 
difference).
3.1.7 Work Carried Out In The United Kingdom
Since the early work in Brighton, two further studies of the use of AEDs by basic 
trained ambulance staff have been performed in the UK. Both were uncontrolled 
trials. The first was from Stockport, involving 113 patients (Gray and Redmond et 
al 1987). The AED tested was both sensitive and specific, but no patient survived. 
The reasons for this were thought to be related to lack of bystander CPR, delay in 
initiation of 999 calls, and too few defibrillators being available, rather than AED 
use. Other factors which may have been influential are not reported, for example 
incidence of witnessed arrest, or the ability of the crew to use the machine 
effectively.
The second study was an uncontrolled trial from Scotland (Cobbe and Redmond et 
al 1991). This was a large scale study involving the whole of the Scottish 
ambulance service, 268 AED's were available and approximately 2000 ambulance 
staff were trained. Over 1000 cardiac arrest victims were attended, 7% of all 
victims, and 13% of the victims found in VF were discharged alive from hospital.
3.1.8 Summary
Previous research has indicated that automatic defibrillators are sufficiently 
sensitive and specific, effective in the termination of ventricular fibrillation, and 
have some advantages over conventional defibrillators used by operators trained in
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ECG recognition. In areas with comparable community and system factors, 
survival rates are the same whether automatic or manual defibrillators are used.
Further research into the use of AEDs is indicated. Newer models are now 
commercially available. In America, the majority of trials have involved 
paramedics or EM T's already trained in the use of conventional defibrillators, 
which precludes a meaningful assessment of the management o f patients by a basic 
trained individual using the AED. In the United Kingdom, no controlled trials 
involving AEDs have been performed.
3.2 NULL HYPOTHESIS
There is no difference in patient survival rates from pre-hospital cardiac arrest 
between those victims who have been treated by ambulance staff using basic CPR 
only, and those treated by ambulance staff using an automated external 
defibrillator in addition to basic CPR.
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3.3 METHOD
3.3.1 Study Setting
The trial was set in South London. The area studied was served by eight 
ambulance stations, shown on the map. Figure 1.1 in Part One (Battersea (4), 
Waterloo (5), The Oval (6), Brixton (7), Streatham (8), Rotherhithe (9), Deptford 
(10), Forest Hill (11)). The catchment area incorporates urban and suburban 
areas. Borough boundaries and LAS boundaries are not coterminous. The 
Boroughs of Wandsworth, Lambeth and Southwark outlined in black on the map 
are served exclusively by the stations involved (Total daytime population 717,952, 
usual residents 731,380. Source of figures: London Research Centre 1983). 
Variably sized areas of other boroughs are also served by these ambulance stations 
(roughly represented by the blue shaded areas, Figure 1.1).
3.3.2 Personnel Involved
All front line qualified ambulance staff working at the eight stations were involved 
in the trial. This comprised 190 staff, 26 of whom had previously undergone 
additional training in endotracheal intubation and intravenous infusion.
3.3.3 The Defibrillator
The defibrillator used in this study was the "Lifepak 200" automated external 
defibrillator, made by Physio-Control Corporation (see appendix 3.1). This 
defibrillator is a rechargeable battery powered portable device. It is connected to 
the patient via two adhesive electrodes (16cm x 12 cm) attached to the chest in a 
sternum/apex configuration, through which the surface ECG is recorded and the 
shock delivered.
The machine is turned on by lifting the lid, the underside of which is a liquid 
crystal screen. Written instructions are provided for the user via the liquid crystal 
display, but no ECG read-out is given. Three push-button controls are visible, 
labelled "analyse", "360J", and "shock".
After the AED is switched on, the operator is immediately advised by the 
messages "connect electrodes" followed by "check pulse and push to analyse
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ECG". After the "analyse" button has been pressed, two, three second segments 
of the ECG are analysed consecutively by the electronic logic system for 
frequency, variation in rate, amplitude, proportionate period in which there is no 
change in voltage, and QRS waveform pattern. If there is agreement between the 
two analyses, a "decision" is made, if not a third segment of ECG is taken, and 
the decision is made on the basis of all three analyses. The analysis phase therefore 
takes approximately six to nine seconds. If ventricular fibrillation is detected, the 
machine automatically begins to charge its capacitors to 200 Joules, and "shock 
advised" appears on the display. At this stage, the operator may interrupt the 
charging mechanism and increase the charge by pressing the "360 J" button. When 
charged, the instruction "shock now" appears, accompanied by an arrow pointing 
toward the shock button. The operator is required to press the "shock" button to 
deliver the shock via the chest electrodes. The AED takes approximately six 
seconds to charge to 200 Joules, and 11 seconds to charge to 360 Joules.
The instruction "do not touch patient" appears on the screen during ECG analysis 
and when a shock is advised. If ventricular fibrillation is not detected, the 
message "no shock advised" will appear on the screen.
A shock cannot be given unless the operator activates the "shock" button. The 
operator is not able to override the AED. It is only possible to administer a shock 
if the machine has detected ventricular fibrillation and a shock is advised. Several 
other messages may be given via the liquid crystal display. If there is excessive 
impedance between the two electrodes during ECG analysis, the electronic logic 
system becomes inoperable. This may occur with patient movement, if  breathing 
or agonal gasping is present or if chest compressions are applied. The message 
"motion detected" will appear on the screen and an audible alarm is given. 
Analysis of the ECG can only resume when the motion has stopped. Also, if the 
cassette tape is not in place or has run out, the messages "no tape" or "tape" will 
appear, but the AED will still operate.
The machine is equipped with a dual channel cassette recorder to provide a voice 
record and a tracing of the patient's ECG rhythm. The recorder is activated 
automatically whenever the AED is used, and a continuous record is made until 
the AED is turned off by closing the lid.
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3.3.4 Study Design
There are 21 accident ambulances at the eight participating ambulance stations, 
working for a total of 432 hours per day. The AED's were initially placed on six 
vehicles, each providing 24 hour cover. Thirty three percent of the hours worked 
in the area were therefore covered by ambulances equipped with defibrillators. 
This was gradually increased to 50% by placing defibrillators on a further three 
vehicles during the first ten months of the trial, when more defibrillators became 
available.
The defibrillators remained on specific ambulances at each station, and all staff 
were allocated to this vehicle in rotation. Ambulance control was not briefed as to 
the whereabouts of the defibrillators. Emergency calls were allocated by central 
ambulance control in the usual fashion, as described in Chapter One (section 
1.2.4), on a "nearest ambulance to location of call" basis.
Therefore, of all the cardiac arrests reported to the ambulance service in the area 
served by the participating stations, one third to one half of patients would be 
allocated to ambulances equipped with an AED, and the remainder to ambulances 
without an AED, forming two treatment groups. The same ambulance staff, all of 
whom had undergone AED training, would be involved in treating both groups of 
patients. The groups should therefore be similar in all respects apart from the 
availability of the AED in the experimental group of patients.
3.3.5 Training and Continuing Education
Training consisted of an eight hour course which included theoretical and practical 
instruction (see Figure 3.1). The length and content of the training programme 
was decided by the researcher and the instructors of the London Ambulance 
training school, taking into account the manufacturers training recommendations, 
and training programmes described in previous studies (Stults and Brown et al 
1986b; Weaver and Copass 1986). Staff were trained to use the defibrillator 
according to a protocol (Figure 3.2).
Throughout the training programme, the importance of rapid defibrillation was 
stressed. Included in the training was a session on the requirements o f the trial, 
definitions, and the importance of precise documentation.
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Staff were asked to obtain the estimated time of patient collapse and onset of CPR 
from bystanders. Since the time a 999 call is received is logged at ambulance 
control, this is the nearest accurate time available to the time of collapse. Staff 
were encouraged to relate questions regarding time of collapse and onset of 
bystander CPR to the time of 999 call, in the hope that this would help to pin­
point the time of collapse more accurately. Therefore, after ascertaining whether 
or not the collapse was witnessed, staff were encouraged to ask bystanders if the 
patient had collapsed before or after the 999 call had been made, and if before the 
999 call, to ask whether they were able to telephone straightaway or whether there 
was a delay.
Case by case review of report forms and ECG/audible tapes, followed up by 
individual written feedback to the operator concerned was carried out by the 
researcher once the scheme became operational. This aspect is discussed in more 
detail in Chapter Five, which relates to staff performance.
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FIGURE 3.1 
Training Programme
■ -Documentation 
■Discussion 
16%
Basic 
Cardiology 
15%
Basic Life 
Support 
27%
DURATION:-€ HOURS 30 
MINUTES, PLUS 90 MINUTES 
BREAKS, TOTAL 8 HOURS
FIGURE 3.2
Protocol for the use of the automated external defibrillator
CHECK PULSE
ATTACH AED
CHECK PULSE
CPR 1 CYCLE
COMAKNCE CPR
CHECK PULSE
ANALYSE
SHOCK 200J
ANALYSE
CHECK PULSE
SHOCK ADVISED
ANALYSE
SHOCK 200J
CPR 1 CYCLE
CHECK PULSE
VERIFY ARREST
SHOCK 360J
SHOCK ADVISED
CPR 1 CYCLE
CHECK PULSE
SHOCK ADVISED
TRANSPORT
* DO NOT INTUBATE UNTIL AFTER AED USE
* DO NOT MOVE PATIENT UNTIL AFTER AED USE
* IN CASE OF SECONDARY ARREST, REPEAT PROTOCOL
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3.3.6 Data Collection
Staff were asked to submit a report form (figure 3.3) on every adult victim of non- 
traumatic cardiac arrest whom they attempted to resuscitate out-of-hospital, 
whether or not they were equipped with the AED. They were asked not to alter 
their usual criteria for deciding to resuscitate a patient. London Ambulance Service 
staff are instructed to attempt resuscitation if they believe the patient has been in 
cardiac arrest for less than half an hour, judging by the appearance and warmth of 
the patient, and the history given by bystanders.
Staff were encouraged to give as much verbal information as possible when using 
the defibrillator, and to leave the AED attached to the patient for as long as was 
practical before arrival at hospital in order that the maximum information would 
be recorded on tape.
Data were collected to assess patient outcome in groups with and without the 
defibrillator from the following sources;
1 Patient report forms completed by ambulance staff
2 ECG/audible cassette tapes
3 Hospital records
4 GP records
5 Death certificates
6 Post mortem reports
From report forms, data regarding witnessed arrest, bystander CPR, ambulance 
response times, time intervals from collapse to CPR and ambulance arrival and 
treatment administered by ambulance staff were collected.
For patients attached to the defibrillator, ECG details prior to arrival at hospital 
were available from ECG/audible cassettes.
Data regarding the fate of the patients following arrival at hospital were collected 
by the researcher (see figure 3.4). These data were obtained from hospital records, 
or by inter\'iewing the attending Doctor if records did not contain sufficient 
information.
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Case notes of patients admitted to hospital were reviewed, for details regarding 
length of hospital stay and neurological outcome. Cause of arrest was obtained 
from hospital records (in the case of survivors), post-mortem reports, or death 
certificates if no post-mortem was performed. General Practitioners of those 
patients who survived to hospital discharge were contacted for details of patient 
status at six months.
3.3.7 Definitions
See section on "Definitions", as for Part One.
3.3.8 Statistical Analyses
The experimental and control groups were compared using Chi-square analysis for 
categorical variables, or Fishers Exact test where the expected number of 
observations was less than five in any category. Continuous variables were first 
tested for Normality using the Kolmogorov-Smimoff Goodness of Fit test, where 
variables were not Normally distributed, comparisons were made using the Mann- 
Whitney U test. In all analyses, a p value of less than 0.05 is regarded as 
significant indication of association.
The trial began on February 1st 1987, and ended on April 30th 1988.
Figure 3.3 Report Form - Automated Defibrillation Trial
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Pre-hospital care of patients with cardio-respiratory arrest 
Important Answer everv question
Patient’s name 
Sex
Home address
Male Female LA4
Accident
Other
Study no. 
Date
Cassette no. 
Call sign
Brought from:
Home
Street
Public building 
GP/Dental surgery 
Other
Specify other.........
Called by: Age:
GP
Friend
Relative
Other
18-30
31-44
45-64
65-74
75-84
85+
Unknown
24 hr clock Bystanders resuscitation
Call origin 
Call despatched 
Arrived at patient 
Witnessed arrest time (or) 
Unwitnessed arrest time (estimate) 
Time CPR started (crew/bystander) 
Time of defibrillation (scene/AMB) 
Left Call 
Arrived Hospital
Yes No
In progress
On arrival 
Chest thumps 
Mouth to mouth 
GOOM*
Use of defibrillator
Yes No Pulse Pulse 
present absent
Was the defibrillator used?
Advised to shock
Shocks given on initial Xl
arrest x2
x3
Shocks given on secondary xl
arrest x2
x3
Receiving hospital
Ambulance crew
Brook airway 
Bag/mask/airway 
Resusdtator 
COOM*
ET intubation 
IVi**
Defibrillation
Suction
Yes No
Yes No
Patients condition on arrival; Conscious
Pulse present B B
Comments:
Please print your name
Thank you 
Geraldine Walters
CCCM=CLOSED CHEST CARDIAC MASSAGE lVI=INTRAVENOUS INFUSION
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Figure 3.4 Patient follow-up - AED Trial
s tu d y  no:. C assette  no:
Initial ECG: VF fine...................... VF coarse.
Aystole.....................
  VT........................  SVT...........
Bradycardia........................Sinus rhythm.
Following defibrillation:
On arrival to hospital: | |
Machine failures: Yes............................ No..
Outcome: InA&E DIG*................... BID
Time in ICU: Date admitted ..........................
Date d ischarged..........................
Time on ward: Date admitted ..........................
Date d ischarged..........................
Time spent in ICU:  days
Time spent in ward:  days
Total no of days in hospital:...........................days
xl Q  
x 4 D
x ^ D
x s Q
x a D
x6 D
  Admitted.
If re-admitted ........
D/C ........
If re-admitted ........
D/C ........
STATUS AT ONE MONTH
Alive.......................... Dead..........................  Not known..................
Date of death ..........................
Date last known alive ..........................
Time from date of arrival to date last known alive .......................... days
IF DEAD
Time of arrival to time of death .days
IF ALIVE
No neurological impairment 
Partial neurological impairment 
Severe neurological impairment
POST MORTEM
Cardiac................. Non-cardiac.
Com m ents
Died in A&E Brought in dead
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3.4 LIMITATIONS O F M ETHODOLOGY
The design of the study can be criticised because the patients were not randomised. 
This could not have been brought about by changing the method of allocation of 
calls from ambulance control, since the ambulance service are obligated to send 
the nearest ambulance to the location of the call. Another method might have been 
to randomise use of the AED at ambulance station level, for example, the 
ambulance staff allocated a call would select a sealed envelope from a supply, the 
contents of which would inform them whether or not to take the AED to the call. 
The difficulty here would be that this method could result in an increased response 
time, and the AED could already be in use.
The method of allocation of calls employed by the London Ambulance service did 
not allow for a formal selection process to take place in the allocation of patients 
to ambulances with or without the AED. There is no reason to suspect that this 
occurred informally.
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3.5 RESULTS
3.5.1 Total Patients Treated
The group treated by crews equipped with the AED will be called the 
Experimental group. The group treated by Ambulance crews without the AED will 
be called the Control group. Five hundred and seventy two patients were reported 
in total, 267 in the experimental group, and 305 in the control group.
3.5.2 Cause Of Cardiac Arrest
In the experimental group, cause of arrest was known in 240 (90%) patients, and 
arrests were due to cardiac causes in 186 (78%) of these patients. In the control 
group, cause of arrest was known in 275 (90%) patients, and arrests were due to 
cardiac causes in 212 (77%) of these patients.
In accordance with Eisenberg's reporting format, those patients with cardiac cause 
of arrest (398) will be considered exclusively from now on.
3.5.3 Characteristics Of Patients Attended
The age and sex of the patients attended, and circumstances of cardiac arrest 
(location of cardiac arrest, who alerted the ambulance, whether the arrest was 
witnessed and whether witnessed by the ambulance crew, and if bystanders 
administered basic CPR before ambulance arrival) can be found in Table 3.1.
These variables were compared between the groups using Chi-square. There was a 
significantly higher proportion of crew witnessed arrests in the control group (p <  
0 .01).
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T able 3.1 C ircu m sta n c e s  of c a rd iac  a rre s t an d  c h a ra c te r is t ic s  of p a tie n ts  
a ttended
V ariab le E x p e rim e n ta l C o n tro l
S ex
Males
Females
150 (81%) 
36 (19%)
155 (73%) 
57 (27%) >0.05
A g e
< 44 Years 
45-64 Years 
65-74 Years 
> 75 Years 
Missing =1
L o c a tio n
Home
Public Place
10 (5%) 
75 (40%) 
59 (32%) 
42 (23%)
111 (60%) 
75 (40%)
11 (5%) 
67 (32%) 
71 (34%) 
62 (29%)
134 (63%) 
78 (37%)
>0.05
>0.05
A m bulance a le rted  by
Friend/Relative/GP
Stranger
A rres ts  w itn essed  by crew
Yes
No
128 (69%) 
58 (31%)
5 (3%) 
181 (97%)
W itnessed a rres t (Excluding arrests witnessed by crew) 
W itnessed 116 (64%)
Unwitnessed 60 (33%)
Unknown 5 (3%)
B ystander CPR (A rrests no t w itn essed  by crew)
Yes 55 (30%)
No 126 (70%)
Arrests witnessed by crew = 37
143 (67%) 
69 (33%)
32 (15%) 
180 (85%)
107 (59%) 
70 (39%) 
3 (2%)
60 (33%) 
120 (67%)
>0.05
< 0.01
>0.05
>0.05
T abie  3.2 T rea tm en t ad m in is te re d  by  a m b u ia n ce  crew
V aria b le  E x p e r im e n ta l C o n tro l
Airway M anagem ent
Bag/Mask
Bag/Mask And Resuscltator 
Resusdtator 
Airway Adjunct 
Endotracheal Intubation
26 (14%) 
65 (35%) 
30 (16%) 
1 (<1%) 
64 (34%)
39 (18%) 
72 (34%) 
38 (18%) 
1 (<1%) 
62 (29%) >0.05
In tra v en o u s  Line In sertion
Yes
No
O ro p h a ry n g ea l S u c tio n
Yes
No
8 (4%) 
178 (96%)
128 (69%) 
58 (31%)
0 (0%) 
212 (100%)
127 (60%) 
85 (40%)
< 0.01
>0.05
P**=By Fisher's Exact Test
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3.5.4 Treatm ent Administered By Ambulance Crew
All patients received basic CPR from the ambulance crew. Use of different 
methods of airway management, oropharyngeal suction, and intravenous 
cannulation were compared between experimental and control groups (see Table 
3.2). A significantly higher proportion of patients in the experimental group had 
intravenous cannulae inserted by the ambulance crew (p < 0.01).
3.5 .5  Activation O f Ambulance Service
The ways in which the ambulance was activated are shown in Table 3.3.
Table 3.3
Calltype Experim ental Control
999 184 (99%) 207 (98%)
Via GP 1 (0.5%) 3 (1%)
Running call* 1 (0.5%) 2 (1%)
* Ambulance stopped by bystanders when passing a victim
3.5.6 Time Intervals
All time intervals described below were compared between the experimental and 
control groups; results can be found in Table 3.4. Time intervals from collapse to 
999 call and response time are relevant for arrests alerted by 999 calls only (391 
patients).
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TABLE 3.4 C om parison  of tim e in te rvals  in th e  ex perim en ta l and  
co n tro l g ro u p s
Values =Tlme In Minutes 
V ariab le
C ollapse To 999 Call
Range 
Median 
No.(%) Cases
E x p e rim e n ta l
0-78
3
135 (73)
C o n tro l
0-55
4
129 (62) >0.05
R e sp o n se  Tim e
Range 
Median 
No (%) Cases
3-31
8
184 (100)
2-25
8
203 (96) >0.05
Time From A m bulance Arrival To CPR**
Range 0-6
Median 1 ; ;
No (%) Cases 115/126 (91 %)
0-6
1
102/120 (85%) >0.05
Tim e S p en t At S cene  Of C ard iac Arrest***
Range 3-31
Median 1 2
No (%)Cases 180 (99)
Crew Witnessed 5
3-29
9
180 (100) 
32
< 0.01
Tim e From S cene Of A rrest To Hospital* 
Range 1-15
Median 5
Number (%) Cases 180 (99%)
Crew Witnessed 5
<1-13
5
180 (100) 
32
>0.05
*Mann-Whitney U Test
**Cases Where Bystanders Did Not Perform CPR
***Exduding Cases Of Crew Witnessed Arrest
TABLE 3.5 C a se s  w here  tim e in terval be tw een  c o lla p se  a n d  999 
call no t e s tim a ted
Values =No. of patients
C a te g o ry  E x p erim e
U nable to  es tim a te  13 (7%)
A rrest occu rred  afte r 999 call 31 (17%)
A rrest o ccu rred  in p re se n c e  of crew  5 (3%)
* P= Chi-square
C o n tro l P*
24 (12%) >0.05
25 (12%) >0.05
29 (14%) <0.01
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3.5.6.1 Time Interval From Collapse To Receipt Of 999 Call
The time interval from collapse to 999 call was estimated by the ambulance crew 
in 135/184 (73%) patients in the experimental group, and 129/207 (62%) patients 
in the control group. The number of patients in each group where time from 
collapse to 999 call was not estimated or not applicable are shown in Table 3.5.
In patients with witnessed arrest (excluding arrests witnessed by the ambulance 
crew), the median time from collapse to 999 call in the experimental group was 2 
minutes (range 0 - 1 7  minutes), and 3 minutes (range 0-13 minutes) in the control 
group.
For unwitnessed arrests, the median time from collapse to 999 call in the 
experimental group was 8 minutes (range 1 - 6 5  minutes), and 9 minutes (range 1- 
55 minutes) in the control group.
3.5.6.2 Response Time
Response times were known in all patients reported by 999 calls in the 
experimental group (184) and 203/207 (98%) patients in the control group. The 
median response time in both groups was 8 minutes.
3.5.6.3 Time Between Ambulance Arrival And Commencing 
Basic CPR
The time interval between ambulance arrival and commencing basic CPR was 
compared between groups in patients who did not receive bystander CPR, and 
whose arrests were not witnessed by the ambulance crew. The median time was 1 
minute in both groups.
3.5.6.4 Time Spent By Crew At The Scene Of Cardiac Arrest
Time spent at the scene of cardiac arrest was compared between the experimental 
and control groups. Since there were a higher proportion of crew witnessed arrests 
in the control group, crew witnessed arrests were omitted from this comparison. 
The median time was 12 minutes in the experimental group and 9 minutes in the 
control group.
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3.5.6.S Time Interval Between Leaving The Scene Of 
Cardiac Arrest And Arrival At Hospital
This time interval was compared between the experimental and control group, 
again omitting crew witnessed arrests. The median time was 5 minutes in both 
groups.
3.5.7 Comparison Of Critical Time Intervals In The 
Experimental And Control Groups
In the experimental group, the time from collapse to CPR was determined in 174 
(94%) patients, and the time to ambulance arrival was estimated in 173 patients 
(93%). In the control group, the time from collapse to CPR was estimated in 188 
patients, and the time to ambulance arrival was estimated in 189 patients (89%).
The proportion of patients who were estimated to have received CPR within four 
minutes and where the ambulance had arrived within ten minutes of collapse were 
compared between the two study groups. Results are shown in Table 3.6. No 
significant differences were detected. The distribution of times recorded from 
collapse to CPR, and collapse to ambulance arrival, are shown graphically in 
Figures 3.5 and 3.6 respectively.
TABLE 3.6 Comparison of proportion of patients treated within critical 
time intervals in the experimental and control group
1 4 1
Values = number (%) of patients 
Variable
CPR Within 4 Minutes Of Arrest
CPR < 4 Minutes and 
A m bulance Arrival < 10  Minutes
Chi Square
Experimental Control
Yes 47 (25%) 64 (30%)
No 127 (68%) 131 (62%)
Total 369
Unknown 12 (7%) 17 (8%)
FIGURE 3.5 Time from collapse to CPR
p*
Yes 65 (35%) 83 (39%)
>0.05No 109 (59%) 112 (53%)
Total 369 
Unknown 12 (6%) 17 (8%)
Am buiance Arrival 
<10 M inutes Of Arrest
Yes 83 (45%) 104 (49%)
No 90 (48%) 85 (40%) >0.05
Total 362 
Unknown 13 (7%) 23 (11%)
>0.05
40
30 ■  EXPERIMENTAL 
□  CONTROL
20
10
0 2 3 4 5 6 7 8 9 10 11 12 >120 1
Time (mins)
FIGURE 3.6 Time from collapse to ambulance arrival
EXPERIMENTAL 
0  CONTROL
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 >16
Time (mins)
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3.5.8 Outcome O f Patients A ttended
The following section concerns outcome of all patients admitted, irrespective of 
neurological status. Figure 3.7 shows the outcome of those patients admitted to 
hospital in the experimental group, and Figure 3.8 shows the outcomes of patients 
in the control group. The groups were compared for proportion of patients in each 
group who were admitted, died in the Accident and Emergency department or 
declared dead on arrival, median number of days in intensive care, on the ward 
and total hospital stay, and proportion who were alive at one month and at six 
months. P values are included on Figure 3.7. No statistically significant 
differences between groups were detected.
3.5.9 Neurological Outcome
A description of the neurological status of patients admitted to hospital in the 
experimental and control groups can be found in Figure 3.9.
A comparison of the proportion of patients in the experimental and control groups 
who arrived at hospital with a pulse, those who were defined to have been 
successfully resuscitated, and those who were defined as survivors are shown in 
Table 3.7.
Circumstances of cardiac arrest in those patients defined as survivors are shown in 
Tables 3.8 (control group) and Table 3.9 (experimental group).
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FIGURE 3.9 N eurological O u tcom e Of P a tie n ts  T reated
1 4 4
PATIENTS ADMITTED
Control 30 (14%) 
Experimental 17 (9%)
FAILED TO REGAIN 
CONSCIOUSNESS
Control 23 (11%) 
Alive At 6 Months 0
EXPERIMENTAL 10 (5%) 
ALIVE AT 6 MONTHS 0
SUCCESSFULLY
RESUSCITATED
Control 5 (2%)
Alive At 6 Montfis 4 (2%)
Experimental 7(4%) 
Alive At 6 Months 5 (3%)
REGAINED
CONSCIOUSNESS.
REQUIRING 
FULL-TIME CARE
Control 2 (1%)
Alive At 6 Months 2 (1%)
Experimental 0
PATIENTS TREATED
Control
212
Experimental
186
TABLE 3.7 Com parison of patient outcom e In the  experim ental
and  control group
Values = number (%) of patients
Variable Experimental
Pulse On Arrival At Hospital
Yes 7 (4%)
No 179 (96%)
Total 397 
Unknown
P atien ts Successfuily  R esuscitated
Yes 7 (4%) *■
No 179 (96%)
Total 398
Survived to  D ischarge
Yes 6** (3%)
No 180 (97%)
Total 398
* P = Fishers Exact Test
** 1 person in each group died before 6 months
Control
211 (100%) 
1
<0.05
207 (98%) >0.05
5** (2 %)
207 (98%) >0.05
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TABLE 3.8 C h a ra c te ris tic s  of S u rv ivo rs In The E xperim ental G roup
Place W itnessed Time To 
CPR
Time To 
Ambulance 
Arrival (**)
Initial
ECG
No.
Shocks
P ulse  
R estored  
By Crew
Neuro
S ta tus
Street Yes <1 Min 12 Min (14) VF 1 Yes Normal
S treet No 4 Min 12 Min (14) VF 3 Yes Normal
Bus Yes ^ 4  Min 10 Min (15) No Record* 1 Yes Normal
Home No 1 Min 6 Min (11) VF 2 Yes Slight Impairment'
S treet Yes 1 Min 3 Min (4) VF 3 Yes Normal
Station Yes 3 Min 6 Min (10) VF 2 Yes Normal
‘Shock Advised By AED
(**) Time From Collapse To Defibrillation
T able  3.9 C h a ra c te ris tic s  of S u rv ivo rs  In t h e  C ontrol G roup
Place W itnessed Time To Time To Initial P u lse Neuro
CPR Ambulance ECG* Restored Status*
Arrival By Crew
Street Yes** ^1 Min 4 Min No Record No Normal
Ambulance By Crew ^1 Min 0 Min VF No Normal
S treet Yes ^  Mins ^9 Mins VF No Normal
S treet Yes >8 Mins >8 Mins "Fine VF" No "Slight Impairment'
Ambulance By Crew*** ^1 Min 0 Min Vf No Normal
*ECG on arrival at hospital and neurological status, according to case notes
**Running call
***AED Available, Not Used
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3.5.10 Proportion O f Patients W ith Optim um  Variables For
Survival.
In the experimental group, 43 (23%) patients who had a witnessed arrest, received 
CPR within 4 minutes, and the ambulance arrived in less than 10 minutes. Three 
(7%) of these victims survived. In the control group, there were 58 (27%) victims 
with these characteristics, three of whom (5%) survived.
3.5.11 Initial ECG  Rhythm s In The Experim ental G roup
ECG recordings at the scene of cardiac arrest were available for 146/186 patients 
(78%) in the experimental group. Initial ECG rhythms recorded, and number of 
patients who received defibrillatory shocks are shown in Table 3.10. In 40 (22%) 
patients, the initial ECG rhythm was not recorded, or was indecipherable.
Table 3.10
Rhythm N um ber of N um ber
patients shocked
VF 73 (39%) 67 (92%)
Asystole 41 (22%) 1 (2%)
O rganised rhythm s 32 (17%) 1 (2%)
The time from collapse to defibrillation was estimated in 86/91 (95%) patients 
where defibrillatory shocks were administered. Times ranged from three minutes 
to thirty-two minutes (median and mean, 15 minutes).
The time interval from ambulance arrival to defibrillation was between less than 1 
minute and 15 minutes (mean 4.5 minutes, median 4 minutes).
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3.6 DISCUSSION
3.6.1 Study Group Comparison
The aim of this part of the study was to compare outcomes of pre-hospital cardiac 
arrest victims treated by ambulance staff using basic life support only, with those 
treated by ambulance staff using and AED as an adjunct to basic life support. 
Three percent of patients who were treated using the AED, and two percent of 
patients treated with basic CPR only survived to be discharged from hospital.
It was important to demonstrate that the study groups were similar in respect of 
those variables known to influence survival, to support the assumption that no 
selection process which might have favoured either treatment group had taken 
place.
As far as characteristics of patients attended and time intervals prior to ambulance 
arrival (time from collapse to 999 call, response time) were concerned, no 
statistically significant differences were detected. Patient management by the 
ambulance crew was the same in both groups apart from intravenous line 
insertion. In this category, numbers were small.
The major difference in the groups was the higher proportion of ambulance crew 
witnessed arrests in the control group. On six occasions of crew witnessed arrest, 
where the crew were equipped with a defibrillator, crews reported that they 
continued to hospital rather than stop to use it, disregarding instructions given 
during training (it is possible that this occurred more often than was reported for 
this reason). Where this was known to have happened, patients were included in 
the control group, since the groups were being compared for the effects of AED 
attachment and treatment, which these patients did not receive.
Crew witnessed arrests were excluded from the comparison of time spent by the 
ambulance crew at the scene of cardiac arrest, and time taken to travel from the 
scene of cardiac arrest to hospital, because a different range of time in these 
categories is expected for such patients, dependant upon whether they arrest in the 
home or while being transported to hospital. Not surprisingly, attaching and using 
the AED was associated with a longer time spent on scene. The time taken to
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travel from the scene of cardiac arrest to hospital was not significantly different 
between groups.
The imbalance between the groups in proportion of crew witnessed arrests could 
potentially influence the comparisons to be made in time from collapse to CPR and 
ambulance arrival. In the case of crew witnessed arrests, a value of less than one 
was assigned for the time from collapse to CPR and ambulance arrival. The 
greater proportion of patients treated within one minute of collapse in the control 
group is evident in Figures 3.5 and 3.6. These figures also show that taking into 
account all time intervals recorded, there was little difference in time intervals 
apart from the difference in number of patients treated within one minute. 
Consequently, in the control group a higher proportion of patients received CPR 
within four minutes and the ambulance was present within ten minutes of collapse.
In the experimental group, the initial ECG rhythm recorded was classified as VF 
by the researcher in 39% of victims, and shocks were advised by the AED in 92% 
of these victims. In the case of non-VF rhythms, 97% of non-VF was not shocked 
(device accuracy will be discussed in more detail in Chapter Four). 
Electrocardiograms at the scene of cardiac arrest were not monitored in the control 
group. This information would have been useful, although obtaining these ECG 
recordings would have altered the normal course of events in the case of patients 
treated by crews using basic CPR only, therefore confounding the basic 
comparison of the study. It is assumed that if the patients had not been selected in 
any way, and critical time intervals in both groups were similar, then the 
proportion of patients in VF in each group would also have been similar, because 
ventricular fibrillation is the most commonly occurring arrhythmia associated with 
sudden cardiac death (Safar 1981, de Luna and Coumel 1989), and degeneration to 
other arrythmias is dependant on the amount of time from cardiac arrest 
(Ventriglia and Hamilton 1983).
In summary, similarity of the study groups suggests that allocation of patients to 
either treatment group did not take place. However, it is very unlikely that the 
higher proportion of arrests witnessed by the ambulance crew in the control group 
occurred by chance, which could potentially bias the results in favour of the 
control group. A likely explanation for this is that patient selection at ambulance 
crew level was taking place, since it was known that in at least six cases, patients 
were treated with basic CPR only when the AED was available.
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3.6.2 Comparison Of Patient Outcome
The Null Hypothesis stated that:-
There is no difference in patient survival rates from pre-hospital cardiac 
arrest between those victims who have been treated by ambulance staff using 
basic CPR only, and those treated by ambulance staff using an automated 
external defibrillator in addition to basic CPR.
In those patients admitted to hospital, outcome in terms of time spent in hospital 
and proportion of patients alive at one month and six months was the same in both 
groups. A slightly higher proportion of patients survived in the experimental group 
compared to the control group (3% versus 2%) and neurological outcomes were 
slightly better, in that no patients in the experimental group were alive at six 
months with severe neurological impairment, and four percent of patients were 
successfully resuscitated in the experimental group compared with two percent in 
the control group (that is, regained consciousness following cardiac arrest and 
found to have no neurological impairment, but did not necessarily survive until 
discharge). Two patients who survived in the control group arrested in the 
presence of the ambulance crew, whereas all the patients successfully resuscitated 
in the experimental group had already arrested by the time of ambulance arrival.
Sample size calculation indicated that 1200 patients per group would be required 
to demonstrate statistical significance with this size of difference, using Chi-square 
analysis. Therefore, it is not possible to accept or reject the null hypothesis with 
this sample, with or without the confounding effect of crew witnessed arrest.
Should this problem of inadequate numbers of survivors in a sample o f this size 
have been foreseen? Part One was concluded with the suggestion that community 
and system factors were not optimum for survival in London. Results of Part One 
showed that majority of survivors were achieved following treatment with 
defibrillation alone, it was therefore postulated that the same results could be 
achieved by operators using an AED.
Improving the 6% survival rate achieved by the ACLS trained crews by using 
AED trained operators was considered feasible, because a greater number of 
AED's were available and more operators were trained. It was also hoped that 
regularly emphasizing the importance of early defibrillation, and giving the crews
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feedback regarding performance would improve the AED operators' application of 
skills, thus shortening the time to definitive care.
Furthermore, during the time interval between the two studies, a national 
campaign aimed at increasing the knowledge of the general public in recognising 
the signs and symptoms of cardiac arrest and heart attack, and encouraging lay 
people to learn the skills of basic CPR was carried out (the "Save a Life" 
campaign, 1986-1987). It was hoped that this might increase the incidence of early 
recognition of cardiac arrest and bystander CPR, thus potentiating the effects of 
early defibrillation by ambulance crews (In fact, the proportion o f victims 
receiving bystander CPR was the same in Part One and Part Two, approximately 
30%). This programme might have also benefited the control group, but to a lesser 
extent, because the potential for subsequent early defibrillation was less than in the 
experimental group.
It was therefore justifiably expected that a greater proportion of survivors would 
have been achieved in the AED treatment group. Had 15 (8%) patients survived in 
this group, and the number of survivors in the control group remained the same 
(2%), it would have been possible to demonstrate significant differences in 
outcome at the 5% level with sample sizes of 207 patients per group.
Some of the estimated time intervals between collapse, CPR, and ambulance 
arrival recorded were so long, that the likelihood of successful resuscitation would 
have been negligible. For this reason, groups were compared solely for those 
patients with witnessed arrest in whom the time from collapse to CPR was 
estimated as less than four minutes, and where collapse to ambulance arrival was 
not more than 10 minutes. The proportions of patients in this category were low 
in both study groups (23% in the experimental group and 27% in the control 
group) and confirm the unfavourable community and system factors previously 
found in London. Survival rates were slightly better in the experimental group in 
spite of there being fewer ambulance crew witnessed arrests (7% versus 5%).
3.6.3 Association Between Other Variables And Survival
It was not possible to make associations between particular variables and survival 
due to the low success rate. However, this was not one of the aims of this
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investigation, and the variables associated with survival have already been 
unequivocally demonstrated in numerous trials described in Part One.
The circumstances of cardiac arrest in the patients successfully resuscitated largely 
support previous findings (see Tables 3.8 and 3.9). Most arrests were witnessed, 
and the initial ECG recorded was ventricular fibrillation. The times to 
defibrillation reported in the experimental group were longer than the considered 
optimum time interval of eight to ten minutes (Eisenberg and Bergner 1979c), in 
4/7 patients the time was greater than ten minutes. Although "optimum" time does 
not imply that any patient not treated within eight minutes has no chance of 
survival whatsoever, this again brings into question the accuracy of estimated 
times of collapse.
3.6.4 Comparison With Study Described In Part One
The AED crews received instruction regarding documentation and reporting of 
time intervals, were required to document the information in a structured format, 
and the study was prospective rather than retrospective. There were fewer 
incidences of missing information in this study than in the study described in Part 
One.
Community factors (patient characteristics, circumstances of cardiac arrest) and 
ambulance service system factors (calltype, response time) observed in this study 
were comparable with those reported in Part One. The range of times reported for 
collapse to 999 call, CPR and ambulance arrival were wider in cases reported in 
Part Two. The range of times reported from collapse to 999 call in Part One was 
between one minute and thirty minutes, and in Part Two, one minute to seventy 
eight minutes in the experimental group. This might also be explained by the 
differences in instruction given regarding reporting, or that the crews involved in 
Part One used different resuscitation exclusion criteria than did the crews in Part 
Two.
Comparison of results from the two different methods of treatment are therefore 
difficult to make if all patients are considered, if more patients included in Part 
Two had no chance of survival. Considering only those patients in ventricular 
fibrillation, four (22%) patients treated by ACLS crews (Part One) were 
discharged (two of these patients arrested in VF, witnessed by the ambulance
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crew), compared with six (11%) patients in the AED group (none of which were 
crew witnessed).
These results appear to favour the ACLS trained crews, but should be viewed with 
caution since numbers are small, and the two schemes were not compared 
prospectively. A previous study of AED use by minimally trained personnel 
showed slightly improved survival when additional paramedic care was available. 
The investigators concluded that early defibrillation given by personnel with 
minimal training was not a substitute for the full services of paramedics (Weaver 
and Hill et al 1988).
Would the results have been any better had the crews been trained to use 
conventional defibrillators? More in-depth knowledge of cardiac arrhythmias, the 
ability to monitor patients at risk, and the greater level of understanding expected 
in staff who have undergone a more lengthy training in conventional defibrillation, 
might have resulted in operators acting immediately rather than proceeding to 
hospital in the case of crew witnessed arrests. However, any potential advantages 
of conventional defibrillation must be weighed against the bigger investment in 
time and resources needed to select appropriate staff, train, monitor and maintain 
the skill. If  resources are limited, greater numbers of staff could potentially be 
trained to defibrillate using AED's.
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3.7 SUMMARY O F CHAPTER TH REE
The major aim of the study, to compare patient outcome between the two study 
groups, could not be achieved. There was evidence of patient selection at 
ambulance crew level, and poor survival rates in the patients studied prevented 
meaningful statistical comparison of patient outcome between the study groups.
Direct comparison of survival rates between the ACLS trained crews and AED 
crews is not possible, but there is no evidence that appreciably more survivors can 
be achieved using crews with extensive training in London. Poor survival rates in 
both studies were attributed to unfavourable community and system factors.
Other reasons why the survival rates in the AED group were poorer than was 
envisaged at the start of the trial could be that either the function of the AED, or 
the performance of ambulance staff using it were unsatisfactory. AED accuracy 
will be assessed in more detail in Chapter Four. There was evidence that 
defibrillation was delayed by the ambulance operators in some patients, this aspect 
will be discussed in more detail in Chapter Five, relating to crew performance.
The results obtained demonstrate that victims of pre-hospital cardiac arrest in 
London can be successfully resuscitated by rescuers using AED's. Patients who 
had arrested by the time of ambulance arrival, and were successfully resuscitated 
by operators using the AED are unlikely to have survived if definitive care had 
been delayed until arrival at hospital.
The advantage of simple training of minimally trained operators in AED use is that 
provision of pre-hospital defibrillation can be maximised, and this could not be 
achieved as readily if defibrillation were provided only by extensively trained 
paramedic staff, who would, by necessity be fewer in number.
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CHAPTER FOUR
ASSESSING THE ACCURACY OF THE 
PHYSIO-CONTROL "LIFEPAK 200" 
AUTOMATED EXTERNAL DEFIBRILLATOR
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4.1 INTRODUCTION
Chapter Four is concerned with AED performance. The literature review will 
summarise previous work into device testing and development. A description of 
how methods of testing and reporting o f results have altered since the description of 
the first AED is given. The problems of specifying and achieving "optimum 
accuracy" are described.
The performance of the "Lifepak 200" automated advisory defibrillator was 
assessed by observing the decisions made by the device in response to the ECG 
segments presented during the field trial described in Chapter Three, and comparing 
these decisions with those made by several expert assessors and the researcher. The 
influence of AED performance on the survival rates of patients described in Chapter 
Three is discussed.
In achieving the above aims, consistency between experts in ECG rhythm 
interpretation was assessed, and their opinions regarding which ECG rhythms 
should or should not be defibrillated, and the consequences of inappropriate shock 
administration or failure to shock were compared.
The consistency of ECG rhythm classification, and the implications o f the 
cardiologist's opinions on the development of AED algorithms are also discussed.
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4.2 LITERATURE REVIEW
4.2.1 Description Of The Prototype AED
The first Automated External Defibrillator (AED) was described in 1979 (Daick 
and Welbom et al). The original device was designed to assess patient respiration 
using an intrapharyngeal sensor (introduced via a modified Berman airway), and the 
electrocardiogram through electrodes attached to the tongue and the skin. The ECG 
was scanned for rate and QRS profile over a twelve second period. If the cardiac 
rate was above 200 beats per minute, and respiration was absent, a diagnosis of 
ventricular fibrillation was made and a shock was delivered. If the heart rate was 
below 25 beats/minute, and respiration absent, pacing impulses were delivered. If 
either respirations, or a heart rate between 25 and 200 were detected, no action was 
taken.
The device was tested for its ability to shock or pace appropriately, first on dogs in 
whom cardiac arrest had been induced, followed by decerebrate humans, and finally 
patients in cardiac arrest who were deemed "resuscitatable". Some device failure 
was detected (over-sensitivity of the breath sensor in patients in ventricular 
fibrillation inactivated the AED and prevented defibrillation on three occasions), but 
shocks and pacing impulses were delivered appropriately in the majority of cases, 
and survivors were achieved following treatment using the AED alone.
4.2.2 Early Independent Trials
The first independent trial was carried out in Brighton using the "Heart Aid" 
automated defibrillator/pacemaker which had evolved from, and was operationally 
the same as Daick's prototype (Heber 1980, Jaggaro and Heber et al 1982). The 
device was used in the field, first by paramedics, on patients who were deemed 
"beyond resuscitation" (although presumably some of these patients must have been 
in ventricular fibrillation), secondly by paramedics, on all patients, and finally by 
regular ambulance staff who had had a brief training in the use of the AED. Small 
numbers of survivors were achieved, and some device failure was reported in a 
small number of cases; the breath sensor was inactivated during intubation and 
tachycardias were shocked; fine ventricular fibrillation was identified as asystole 
and paced, and artefact was mistaken for ventricular fibrillation and shocked.
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The first field trial carried out in the United States also used the "Heart Aid" AED 
(Cummins and Eisenberg 1984), following modification of the electronic algorithm 
after the Brighton trial. Small numbers of survivors were achieved. If each 
individual segment of ventricular fibrillation was treated as a separate challenge, 
66% of ventricular fibrillation was shocked. Incidences of failure to shock were due 
to inability to maintain good contact of the tongue electrode, and internal 
component failure. In cases where there was good tongue contact and adequate 
machine function, 76% of ventricular fibrillation was shocked. No non-ventricular 
fibrillation rhythms were shocked. The "overall accuracy" was reported as 92%.
Insufficient numbers of patients in these studies prevented conclusions being drawn 
regarding the contribution of the external pacing component of the device to 
survival. Investigators in Brighton believed that external pacing was useful in three 
patients (Jaggaro and Heber et al 1982), this view was not supported in Washington 
(Cummins and Eisenberg et al 1984)..
Both independent studies reported that contact between the intrapharyngeal sensor 
and tongue was occasionally difficult to maintain, resulting in reduced accuracy of 
rhythm recognition, and mouth lesions following shock administration via the 
tongue-epigastric route. Inactivation of the breath sensor in patients who were 
intubated also resulted in inaccuracies o f rhythm recognition.
4.2,3 Modification Of The Prototype
Following initial trials, the design of the AED was modified. Later models did not 
incorporate an external pacemaker; the ECG was monitored, and the shock 
delivered via two chest electrodes rather than the via the tongue-abdominal 
pathway; and the breath detector was omitted from the logic system.
A synopsis of the results of the trials to be described in the following sections can 
be found in Table 4.1. The authors' criteria for defining ventricular fibrillation is 
included where this was stated in the report.
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4.2.4 Development O f A Standard  Reporting Form at
Early trials introduced the concept and feasibility of automated defibrillation, 
demonstrated that survivors could be achieved after treatment with the AED alone, 
and contributed towards AED design. However, statements regarding machine 
accuracy were vague and difficult to compare between reports (Jaggaro and Heber 
et al 1982, Rozkovec and Crossley 1983, Rosenthal and Jaggaro 1984, Cummins 
and Eisenberg et al 1984). This was due to prototype devices being used, continual 
modifications of the electronic detection system of the AED being made as the trials 
progressed, limited numbers of patients and ECG samples, and also the lack of well 
defined reporting criteria.
The accuracy of the device was of prime concern initially and precise accounts were 
considered imperative before use of AED's was recommended (Cummins and 
Eisenberg 1984). Eventually, investigators began to assess AED performance in 
terms of "sensitivity" (ability to recognize ventricular fibrillation and advise a 
shock), and "specificity" (ability to recognize non-ventricular fibrillation). 
Accuracy was also measured in response to individual ECG segments, rather than 
number of patients treated, thereby establishing a consistent format for reporting 
AED accuracy.
4.2.5 Laboratory  Testing
Methods of testing the electronic detection system "in vitro" were developed to 
obviate the need for field testing of new devices by paramedics, and to subject 
devices to more extensive testing with larger samples o f ECG's. This involved 
challenging the AED with simulated ECG signals from a pulse generator (Rozkovec 
and Crossley et al 1983); and using recordings of actual arrhythmias which had 
been collected during out-of-hospital arrests, cardiac surgery or electrophysiological 
studies and stored on magnetic tape (Rozkovec and Crossley et al 1983; Rosenthal 
and Carroll et al 1984; Stults and Brown et al 1986b; Weaver and Hill et al 1987; 
Cummins and Stults et al 1988; Edwards 1989).
Rozkovec and Crossley (1983) challenged the device with a variety of ECG 
recordings, requiring either defibrillation, pacing, or no action. The laboratory 
investigation by Rosenthal and Carroll (1983) looked at the response of the AED to 
12 different samples of ventricular fibrillation, which had been collected from
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victims of out-of-hospital cardiac arrest. Stults and Brown (1986b) used 205 
samples of ventricular fibrillation and non-ventricular fibrillation rhythms collected 
during out-of-hospital cardiac arrests. In both studies the samples were chosen for 
adequate technical quality rather than ventricular fibrillation morphology.
4.2.6 Difficulties Encountered In Comparing Results
As with initial trials involving patients, different "in vitro" trials were also difficult 
to compare, because different types of AED (Heart Aid, Lifepak), and different 
samples of ECG's were used. A comparison of the accuracy of three different 
commercially available AED's was made in Washington. Each device was 
challenged with two hundred and forty six segments of ventricular fibrillation and 
non-ventricular fibrillation collected from pre-hospital cardiac arrest victims. There 
were no differences between the devices in the decisions made (Cummins and 
Stults 1988).
It was pointed out in this study, that there are "transitional" cardiac arrest rhythms, 
between definite ventricular fibrillation and various tachycardias, and between fine 
ventricular fibrillation and asystole, which are difficult to classify. The authors state 
that a high proportion o f such rhythms were purposely included in the sample. 
Therefore it is not surprising that specificity rates quoted in this study (90 - 95%) 
were lower than those quoted in earlier studies (96 - 100%) (see Table 4.1), where 
examples of these "difficult" types of rhythm were not purposely selected. The 
reported accuracy therefore depends on the sample of ECG's presented to the AED.
To facilitate objective and consistent evaluation of decision algorithms, it was 
suggested that a set of ECG rhythms should be developed and accepted as a national 
standard for testing. A review of recommendations for defibrillation and discussions 
with medical personnel was first carried out, resulting in the recommendation that 
defibrillation should be carried out in the case of cardiac arrest due to ventricular 
fibrillation and rapid pulseless ventricular tachycardia (rate greater than 180 beats 
per minute), and that more than 90% sensitivity, and 99% specificity should be 
achieved (Edwards 1989).
Three databases were then developed, one used for algorithm development, and the 
other two for algorithm testing. For development of the algorithm, 8,200 three 
second segments of ECG were used, which had been annotated "shock", "no shock"
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or "noise" (although samples with excessive artefact were not included) by medical 
personnel, according to the recommendations specified above. The two independent 
databases used for algorithm testing contained rhythms collected from pre-hospital 
cardiac arrest victims (one containing 104, and the other containing 132 ECG 
rhythm samples).
All the laboratory trials described above showed that the AED's tested were capable 
of very high specificities, with slightly lower sensitivities (Stults and Brown et al 
1986b; Weaver and Copass et al 1986; Weaver and Hill 1987; Cummins and Stults 
et al, 1988; Edwards 1989). Devices were shown to be insensitive to what 
investigators termed "fine" and, in some studies "very coarse" ventricular 
fibrillation, although criteria for "fine" and "coarse" VF were not always the same 
between reports.
4 .2 .7  Field Testing
In trials where both laboratory and field testing were carried out, poorer 
sensitivities, but similar specificities have been found in the field (Stults and Brown 
et al 1986b, Weaver and Copass 1986, Weaver and Hill et al 1987; Edwards 1989).
Differences in sensitivity reported in the field have cast doubt on the usefulness of 
statements regarding accuracy derived from laboratory trials. A study carried out in 
Seattle involved development of a decision algorithm by using pre-recorded 
rhythms, but the sensitivity of the device in the field was substantially less than in 
the laboratory (Weaver and Hill et al 1987).
There are several explanations for this discrepancy. ECG rhythms collected in the 
field to establish databases, used both to develop and test algorithms are collected 
via silver chloride electrodes, which produce a different type of ECG trace than that 
achieved via the larger dual purpose monitoring/defibrillation electrodes of the 
AED. Also, segments of artefact free ECG which are collected in the field during 
assessment of rhythm analysis by a trained paramedic, are generally only five to ten 
seconds long, whereas AED's generally require a longer segment of artefact free 
ECG for analysis. Also, none of the laboratory trials tested the response of the 
AED to traces distorted by artefact, which is likely to occur in the field.
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Inaccuracies in the field have also occurred as a result of failure of the operator to 
use the machine correctly, or mechanical failure, rather than inaccuracy of the 
electronic algorithm (Cummins and Stults et al 1988, Cummins and Eisenberg et al 
1985b, Stults and Brown et al 1986). In the main, reports have shown mechanical 
and operator errors to have the effect of reducing the sensitivity to ventricular 
fibrillation, with no appreciable effect on specificity, although in one trial, operator 
error resulted in shock administration to two conscious patients, in spite of prior 
laboratory testing (Edwards 1989).
Therefore, however rigourous the laboratory testing, there is still a risk of 
diminished accuracy in the field, due to mechanical or operator performance, and 
the pitfalls of algorithm development based totally on prerecorded ECG rhythms, 
which may not be representative of those subsequently monitored by the AED in the 
field.
It has been suggested that although laboratory testing is useful as a basic test o f the 
safety of the device, these tests do not give an accurate assessment of what 
performance might be expected in the field, and a better assessment o f AED 
accuracy is obtained by observing field performance rather than performance using 
taped databases (Weaver and Hill 1987).
4.2.8 Development Of Electronic Algorithms
Rhythm assessment in early AED's relied on analysis of rate and amplitude. More 
sophisticated methods, involving assessment of QRS morphology, power spectrum 
density, regularity, and time away from the isoelectric baseline have since been 
introduced. The net result of the combination of these factors is computed by the 
AED to make a shock or no shock decision, by means of a mathematical formula.
The early difficulties encountered in recognising coarse ventricular fibrillation were 
rectified by modifying the algorithm to recognise QRS morphology as well as slope 
and rate criteria (Rosenthal and Carroll 1984, Weaver and Copass 1986). Adjusting 
the algorithm by assigning variable weightings to each factor have resulted in 
further improvements in sensitivity (Weaver and Hill 1987), but difficulties in 
recognising low amplitude, or so called "fine" ventricular fibrillation have not yet 
been completely rectified. Detection of "fine" ventricular fibrillation is not possible 
if the amplitude criteria is set high enough to avoid shocking asystole or artefact. It
1 6 3
is generally accepted that, with the limitations of current technology, where 
machine sensitivity is increased, there is a proportional loss in machine specificity, 
and vice versa.
4.2.9 Practical Implications O f Failure To Achieve 100%
Accuracy
The practical importance of less than 100% accuracy of AED's when in the field 
was assessed by comparing the accuracy of the AED with accuracy of an EMT 
trained in rhythm recognition. Slightly higher specificity of the AED and higher 
sensitivity in manual operators was found, (Stults and Brown 1986b; Cummins and 
Eisenberg 1987); these differences were not significant. The very high sensitivity in 
the manual operator group in one study (Stults and Brown et al 1986b) was 
attributed to operators being authorised to shock asystole as well as ventricular 
fibrillation. Therefore 100% accuracy of rhythm recognition is unlikely to be 
achieved, whatever method of rhythm recognition is employed in the pre-hospital 
setting.
Although critics initially expressed concern over the possibility of inappropriate 
shock administration by AED's, laboratory and field trials have demonstrated that 
the majority of errors in rhythm recognition made by AED's are errors of omission, 
that is, failure to shock rhythms requiring defibrillation, particularly low voltage 
ventricular fibrillation, rather than inappropriate defibrillation of organized 
rhythms.
4.2.10 Difficulties In Defining Optimum Levels Of 
Accuracy
Guidelines regarding optimum sensitivity and specificity have been established, but 
the issue is complicated, firstly by the existence of the previously mentioned 
"transitional" rhythms, for which the correct classification and treatment response is 
unclear but shock administration may not be inappropriate (Cummins and Stults et 
al 1988).
Another area of difficulty is the differentiation between "fine" ventricular 
fibrillation and asystole. Although clinicians have a subjective view of 
electrocardiographic criteria for ventricular fibrillation, there is no standard
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definition (Weaver and Cobb et al 1985). This is demonstrated by the various 
definitions presented below.
Stults and Brown et al 1986
Coarse VF:- >  0.8mV, frequency range, 200-400ppm.
M edium  VF:- 0.4-0.8mV, freq 200-400ppm
Fine VF:- 0.1-0.,3mV freq 100-400ppm
Asystole:- <  O.lmV freq <  lOOppm
Cummins and Stults et al 1988
E xtra  coarse VF:- >  12mm
Coarse VF:- 7 - >  12 mm
M edium VF:- 3 - >  7mm
Fine VF:- 1 - >  3mm
W eaver and Hill et al 1988
Coarse VF:- >  0.2mV,
Fine VF:- <  0.2mV
Edw ards 1989
Asystole:- <  0.15mv
4.2.12 Sum m ary
Since the description of the first AED in 1979, devices have been investigated in 
the laboratory and in actual cardiac arrest situations out-of-hospital. The decision­
making system has been modified and improved, and higher levels of accuracy have 
been achieved in later models. Although accuracy in the field, particularly 
sensitivity to VF, is reduced by operator or mechanical error, the accuracy of 
AED's is comparable to that of EM T's who have been trained in rhythm 
recognition.
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The limitations of current technology do not allow 100% specificity and 100% 
sensitivity of AED's. A consensus opinion regarding optimum levels of sensitivity 
and specificity, and which rhythms should be shocked has been sought, but the 
issue is complicated by the difficulties in differentiation between some cardiac arrest 
rhythms, and the absence of standard definitions.
4.3 AIMS
Using the ECG rhythm strips collected from the pre-hospital arrest victims 
described in Chapter Three, the aims of this part of the study are:-
1. To compare the ECG rhythm categories assigned between pairs of expert 
assessors, and individual experts and the researcher.
2. To estimate the sensitivity and specificity of the "Lifepak 200" AED.
3. To ascertain whether there is a consensus opinion between the expert assessors 
on what rhythms should be shocked, and the possible harm of inappropriate shock 
administration, or failure to shock ventricular fibrillation.
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4.4 M ETHOD
4.4.1 The "LifePak 200" AED
Physio-Control corporation have already published the results of independent field 
and laboratory testing of the "Lifepak 200" AED, used in this study. Sensitivities of 
96% for coarse VF, 69-75% for "fine" VF, and 100% specificity are reported. 
Coarse ventricular fibrillation is defined as having an ECG amplitude of >  0.2 
mV, "fine" ventricular fibrillation between 0.08'and 0.2 mV, and asystole <  0.08 
mV. Shock administration is also permitted for ventricular tachycardia with rates of 
>  120 beats per minute, QRS widths of >  160msec and no apparent P waves 
(Physio-Control Corporation, 1987). The frequency response of the pre-amplifier of 
the "Lifepak 200" AED is 2 - 20 Hz.
4.4.2 Acquisition O f ECG Rhythm  Strips
Ambulance staff in South London used the "Lifepak 200" to treat patients with 
cardiac arrest for 15 months (See Chapter Three for description of the AED and the 
trial).
The dual channel cassette recorder incorporated in the "Lifepak 200" is activated 
whenever the device is switched on, and a continuous recording of the ECG and the 
audible sounds of the event is made. After each patient was treated, the 
ECG/audible cassette was retrieved from the machine by the ambulance operator 
and submitted to the researcher. At this stage each individual segment o f ECG 
which had been presented to the AED for analysis was calibrated to 1 millivolt, 
rhythm categories were assigned by the researcher, and the segment recorded onto 
ECG paper. The decision made by the AED ("shock advised" or "no shock 
advised") was documented.
In cases where it was obvious that the AED was not operating normally, or was 
being operated incorrectly, (for example, if there was a continuous audible "motion 
detected" alarm indicating mechanical error, or the ECG rhythm was erroneously 
analysed in a moving vehicle), the affected sections of the tape were not submitted 
for analysis by the experts.
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4.4.3 Design O f Investigation
Six hundred and eight five individual segments of ECG rhythm were collected. It 
was planned that each of the strips should each be assessed by at least two expert 
assessors in addition to the researcher. It was anticipated that assessing 100 strips 
would take 20 to 30 minutes, which was considered the maximum time which could 
be requested of an independent assessor. Therefore, the strips mounted onto paper 
(either five or ten strips per sheet), the sheets were randomised and split into seven 
batches of approximately 100 strips. Each batch was placed in an unmarked 
envelope.
4.4.4 Recruitm ent O f Expert Assessors
Fourteen expert assessors were required, in order that two experts assessed each of 
the seven batches. Twenty-two consultant cardiologists were approached by 
telephone and the nature of task was briefly explained. Cardiologists were not 
selected for any particular reason, the first fourteen who were willing to participate 
were recruited as assessors.
4.4.5 Assessments
Appointments were made with each assessor. An envelope containing one batch of 
strips was randomly selected by the researcher for each assessor. An explanatory 
sheet outlining the purpose of the research was given initially, in order to 
standardise the information given to each person (see Appendix 4.1), which 
included guidelines for completing the assessment (Figure 4.1). For each ECG 
segment, they were asked to allocate the rhythm to one of five categories, and give 
their opinion on a number of issues (see Figure 4.2). The assessment sheet was 
completed by the researcher.
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Figure 4.1 Guidelines for Assessors
1. T races are calibrated to 1 mV
2. Include ventricular standstill in asystole category
3. include in 'artefact' section if the rhythm cannot be determ ined due to  the presence
of artefact.
4. Since there is no universally accepted criteria for lin e  VP, define lin e  VF' according 
to your own clinical practice
5. EMD stands for 'electro-mechanical dissociation', or an organised electrical rhythm 
with no detectable pulse.
6. A ssum e no pulse is present
Figure 4.2 ECG Rhythm Strips Assessment Sheet
A) Strip 1 .VF ........................... 2. Fine VF.........................
3. Asystole.............4. EMD.........................5. Artefact............
B) Should A Shock Have Been Given? Yes................ No.........................
C) if “No “ To B, Might A Shock Have Been Harmful (Assuming Pulse Absent)?
Yes......................................................No...Don’t Know...............................
D) If “Yes” To B, In Your Opinion, Would Failure To Shock Have Reduced The
Chances Of Survival?
Yes...................................................... No...Don’t Know...............................
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4.5 ANALYSIS O F RESULTS
4.5.1 Comparison O f Rhythm  Categories Assigned
A comparison of the rhythm categories assigned by each of the cardiologists, and 
each cardiologist and the researcher was performed using Cohen's Kappa. This test 
gives a measure of diagnostic consistency between independent examiners. The 
kappa statistic relates the measure of agreement obtained with that which would 
have been obtained had the diagnoses been made at random. Each rhythm category 
was treated separately. For example, the proportion of rhythms both examiners 
agreed to be VF, and the proportion both agreed to be non VF were crosstabulated, 
and compared with the proportions which would have been expected had the 
assessors been assigning the rhythms to these two categories at random. The 
procedure was repeated for "fine" VF versus all other rhythms, asystole versus all 
other rhythms and EMD versus all other rhythms.
A kappa score of 1 would indicate perfect agreement, a zero score indicates that the 
classification was done as if at random. A negative score would indicate that there 
would have been greater agreement if the classification had been done randomly. It 
has been suggested that a score of 0.8 or more indicates "good" agreement, over 
0.6, "substantial" agreement, and over 0.4, "moderate" agreement (Landis and 
Koch 1977).
4.5.2 Sensitivity and Specificity O f The AED
For each batch of strips, data were assessed for the number of strips each assessor 
categorised as "VF" or "fine" VF, and the percentage of these strips shocked by the 
AED (sensitivity) was calculated. The sensitivity was separately calculated for the 
individual categories of "VF" and "fine" VF.
For all other categories in each batch (asystole, EMD, and artefact), the percentage 
of these segments not shocked by the AED was calculated (specificity).
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4.6 LIMITATIONS O F M ETHODOLOGY
The best way of assessing the accuracy of the "Lifepak 200" would have been to 
ask several cardiologists to assess every ECG/audible tape, and compare those 
decisions with the decision of the AED. Since such a large number of strips were 
collected, people with the required expertise were unable to commit the time 
required to assess all of the strips.
Each two cardiologists assessed 100 strips each, the researcher was the only person 
to assess all 685 strips. Although the sensitivity and specificity can be calculated for 
each batch of 100 strips according to the cardiologists, the overall accuracy rate is 
based on the rhythm categories assigned by the researcher. Therefore, it was 
necessary to demonstrate that the amount of agreement in rhythm classification 
between the researcher and each cardiologist was not substantially less than the 
agreement between each two cardiologists.
The experience of the researcher in viewing the strips was different from that of the 
cardiologists, which might have resulted in differences in rhythm classification. 
Firstly, the whole of the ECG/audible tape of the cardiac arrest incident was 
reviewed by the researcher. The aim of the researcher was to classify the rhythm 
solely upon the segment presented to the AED for analysis, but the ability to view 
the ECG rhythm before and after is likely to have influenced the classification. 
Secondly, the researcher was able to see the ECG rhythm moving across the screen, 
whereas the cardiologists were only presented with paper strips of the same segment 
which was presented to the AED for analysis.
These limitations could not be avoided. It was not possible to mount the strips onto 
paper without the researcher having already seen them. Time constraints prevented 
the cardiologists from being able to view the whole tape as the researcher had done.
A major assumption made was that the rhythms recorded on tape were accurate 
representations of the rhythms "seen" by the AED. There was no tape counter, but 
presence of audible sounds gave a good indication that the tapes were not stretched 
or distorted.
1 7 1
4.7 RESULTS
4.7.1 ECG Recordings Available
Two hundred and sixty seven patients were attended by crews equipped with the 
AED. Six hundred and eighty five individual segments of ECG which had been 
presented to the AED for analysis were divided into seven batches of strips, five 
sets of 100, one set of 95 strips and one set of 90 strips.
4.7.2 Com parison O f Assigned Rhythm  Categories
Seven batches of electrocardiograms were each assessed by two cardiologists and 
the researcher. Crosstabulations of rhythm categories assigned by each pair of 
assessors for each batch are shown in Appendix 4.2.
Table 4.2 shows the kappa scores for each rhythm category (Ventricular fibrillation, 
"fine" ventricular fibrillation, asystole, and EMD) in each batch between 
cardiologists and each cardiologist and the researcher. Kappa scores which did not 
reach the level of "substantial" agreement (less than 0.6) are recorded in bold type. 
Figure 4.3 shows two examples of disagreement in rhythm classification.
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T a b le  4 .2
K ap p a  S c o r e s  B e tw een  A s s e s s o r s  F o r R h y th m  C a te g o r ie s  
in E ach  B atch
C l = Cardiologist 1 ; C2 = Cardiologist 2; R = Researcher 
Kappa Scores less than 0.6 in bold type
A s s e s s o r s VF
Rhythm category 
Fine" VF A sys to le EMD
Batch 1
C l and C2 
C1 and R 
C2 and R
0.7
0.9
0.8
0 .4
0.8
0.6
0.7
0.9
0.7
0.7
0.8
0.6
Batch 2
C1 and C2 
C1 and R 
C2 and R
0.9
0.9
0.8
0.7
0.6
0.7
0.7
0.8
0.6
0.6
0.8
0 .5
Batch 3
C1 and C2 
C1 and R 
C2 and R
0.9
0.8
0.9
0.8
0 .3
0 .4
0.9
0.9
0.8
0.8
0.8
0.9
Batch 4
C1 and C2 
C1 and R 
C2 and R
0.9
0.8
0.8
0.8
0 .5
0.6
0.8
0.6
0.8
0.8
0.6
0.7
Batch 5
C1 and C2 
C l and R 
C2 and R
0.6
0.6
0 .4
0.6
0 .3
0 . 1
0.7
0.9
0.8
0.8
0.9
0.9
Batch 6
C1 and C2 
C1 and R 
C2 and R
0.9
0.8
0.9
0 .3
0 .5
0.7
0.6
0.7
0.8
0.9
0.9
0.8
Batch 7
C1 and C2 
C l and R 
C2 and R
0.9
0.9
0.9
0.6
0.7
0.8
0.7
0.6
0.8
0.6
0.7
0.8
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4.7.3 Sensitivity and Specificity of The AED
For each batch of ECG's, the sensitivity for VP and specificity for non VF, 
according to the rhythm categories assigned by each individual assessor are shown 
in Table 4.3.
Sensitivity to all VF, in all batches ranged from 55% to 100%; sensitivity to 
"coarse" VF, 78% to 100%; and to "fine" VF 11% to 100%. Specificity to non-VF 
ranged from 92% to 100%.
4.7.4 Overall Sensitivity And Specificity
The sensitivity and specificity calculated for all 685 ECG segments, and for 489 
rhythm segments obtained from patients with cardiac cause o f arrest (those patients 
described in Chapter Three), and 146 rhythm segments which were the initial ECG 
of those patients with cardiac cause of arrest, according to rhythm categories 
assigned by the researcher are shown in Table 4.4.
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T a b le  4 .3  S e n s itiv ity  A nd S p e c if ic ity  Of T h e  "L ifep ak  200" AED 
A c c o rd in g  To R hy thm  C a te g o r ie s  Of E a c h  A s s e s s o r
C l = Cardiologist 1 ; C2 = Cardiologist 2; R = R esearcher 
Figures in parentheses = Total number of ECG segm ents classified
B atch  R ater Sensitiv ity Sensit iv ity S ensitiv ity Specific ity
Ail VF "Coarse" VF "Fine VF" Non VF
1 C l 71% (41) 78% (32) 44% (9) 98%  (59)
1 C2 78% (36) 92% (22) 57%  (14) 97%  (64)
1 R 76% (38) 93% ( 27) 36%  (11) 98%  (62)
2 C l 64% (25) 94% (16) 11% (9) 100% (75)
2 C2 62% (26) 81% (16) 30%  (10) 100% (74)
2 R 76% (21) 93% (14) 43% (7) 100%  (79)
3 C l 96% (25) 94% (18) 100% (7) 95%  (75)
3 C2 93% (27) 91% (22) 100% (5) 96%  (73)
3 R 93% (29) 92% (25) 100% (4) 99%  (71)
4 C l 100% (19) 100% (15) 100% (4) 92%  (71)
4 C2 96% (25) 100% (19) 83% (6) 99%  (65)
4 R 89% (26) 91% (20) 75% (4) 97%  (64)
5 C l 87% (30) 92% (11) 83%  (18) 99%  (65)
5 C2 83% (30) 100% (7) 78%  (23) 97%  (63)
5 R 93% (28) 96% (23) 80% (5) 99%  (67)
6 C l 55% (38) 88% (16) 31%  (22) 97%  (61)
6 C2 82% (22) 94% (16) 50% (6) 94%  (78)
6 R 79% (29) 95% (19) 50%  (10) 100% (71)
7 C l 75% (32) 100% (17) 47%  (15) 96% (68)
7 C2 86% (28) 100% (18) 60% (10) 96%  (72)
7 R 86% (28) 100% (19) 56% (9) 96%  (69)
T a b le  4 .4  O verall S e n s it iv ity  A nd S p e c if ic ity  A c c o rd in g  T o R e s e a rc h e r
Sensit iv ity  Sensit iv ity  S ensit iv ity  Specific ity  
Aii VF "Coarse" VF "Fine VF" Non VF
All Patients 84% (199) 94% (149) 56%  (50) 98%  (486)
Cardiac Aetiology 85% (173) 95% (133) 53%  (40) 98%  (316)
Cardiac Aetiology (Initial ECG) 92% (73) 98% (62) 64% (11) 97%  (73)
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4.7.5 Opinions Regarding Treatment Of ECG Rhythms And 
Implications Of Inappropriate Treatment.
The responses of all of the cardiologists to the question "should a shock have been 
given?" in the rhythms they assigned to each of the five categories, and, according 
to their response to this question, whether they considered inappropriate shock 
administration or failure to shock to be detrimental to the patient are shown in 
figures 4.4 (ventricular fibrillation and fine ventricular fibrillation), and 4.5 
(asystole, "EMD" and artefact).
Ventricular Fibrillation
In the case of rhythms they classified as ventricular fibrillation, all cardiologists 
said that a shock should be given. Thirteen out of 14 cardiologists believed that 
failure to shock would reduce the chances of survival, one person did not know in 
the case of 9 examples he assessed.
For those examples classified as "fine" ventricular fibrillation, one person said that 
one example should not be shocked. Twelve out of 14 people believed that failure 
to shock might reduce the chances of survival in 92% of the segments assessed.
Asystole
All 14 cardiologists said that asystole should not be shocked. One o f the 14 
cardiologists believed that administering a shock to a patient in asystole may be 
harmful.
Organised rhythms without output ("EMD")
In 99% of cases, cardiologists said that EMD should not be shocked. Two out of 14 
people thought that three examples that they assessed should be shocked (see Figure
4.6 for examples).
Four out of 14 (29%) assessors believed that shocks would not be harmful for any 
of the strips they categorised as "EMD". Six (43%) people believed that shocks 
might be harmful in all the strips categorised as "EMD". Four people believed 
shocks might be harmful for some of the examples, but not in others.
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F igure  4.4 T rea tm en t of V en tricu lar F ibrillation
FINE VENTRICULAR FIBRILLATION
158 (100%)
IF SHOCK GIVEN
IF NO SHOCK GIVEN
IF SHOCK NOT GIVEN
SHOCK
246(100% )
DON'T KNOW 
1 (0.5%)NO SHOCK1 (0.5%)
SHOCK
156 (99%)
HARMFUL?
YES
NO 1 (100%) 
DON'T KNOW
VENTRICULAR FIBRILLATION
246 (100%)
YES 
NO
DON'T KNOW 9 (4%)
REDUCED CHANCES OF 
SURVIVAL?
237 (96%)
YES
NO
DON'T KNOW
REDUCED CHANCE OF SURVIVAL?
143 (92%)
5 (3%)
8 (5%)
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4.8 DISCUSSION
The discussion will address the aspect of consistency of rhythm recognition; 
accuracy of the "LifePak 200" AED; whether AED accuracy is likely to have 
independently affected survival of those patients described in Chapter Three; the 
cardiologists views on treatment of cardiac arrest arrhythmias; and the implication 
of the findings on algorithm development.
4.8.1 Consistency Of Rhythm Interpretation Between The 
Cardiologists
There was not absolute agreement between any of the pairs of cardiologists in any 
ECG rhythm category, but consistency was "good" or "substantial" according to 
analysis using kappa in most categories. Agreement between assessors for rhythms 
categorised as "fine" ventricular fibrillation was generally poorer than for other 
rhythms. Crosstabulations (see appendix 4.2) show that most differences of opinion 
seemed to lie in the distinction between fine ventricular fibrillation and ventricular 
fibrillation, and fine ventricular fibrillation and asystole.
Differences occurring in the classification of asystole and EMD seemed to result 
from definition. Whereas some assessors classified strips with any evidence of 
electrical activity as "EMD", others defined asystole as any strip not showing 
presence of distinct complexes at above 10 per minute (see Figure 4.3).
Allocation of rhythms to the "artefact" category was infrequent. In one case (batch 
six) the assessor gave a "don't know" answer, consistency in allocation to these 
categories was not analysed.
4.8.2 Agreement Between Individual Cardiologists And The 
Researcher
Agreement between the researcher and each cardiologist was "good" or 
"substantial". Exceptions were fine VP categories in batches three and five, where 
the number of classifications in both of these categories was smaller, and the 
agreement was similarly poorer between the cardiologists. There was occasionally 
better agreement between the researcher and individual cardiologists than between 
cardiologists. A greater amount of disagreement in rhythm classification between
1 8 1
the researcher and individual cardiologists than between pairs of cardiologists might 
have been expected, for the reasons explained in the "limitations" section.
It should be noted that the researcher's definition of "EMD" was considered to be 
any segment with signs of electrical activity, whatever the rate. This was decided 
because in King County Washington, patients are only considered "asystolic" if  no 
sign of electrical activity at all is present (Dr Richard O Cummins, personal 
communication).
4.8.3 Sensitivity And Specificity
Although consistency between assessors was "good" according to the analysis using 
kappa, the differences in classification of arrhythmias which did occur resulted in a 
variation of accuracy (particularly sensitivity) attributed to the AED according to 
each person. It should be added that the wider variations in sensitivity may be 
inflated as a result o f the small number of VP samples in some of the batches.
A maximum of twelve per cent difference in sensitivity to VP in individual batches 
between assessors was apparent, with the exception of batch six (sensitivities 
between 55% and 79%). This can be explained by "cardiologist 1" assigning a 
greater number of rhythms in batch six to the "fine VP" category, and fewer 
rhythms to the asystole category than did the other two assessors.
Variability in sensitivity between batches was more marked than within batches. As 
a result of there being different proportions of each rhythm categorised in each 
batch, again the sensitivity calculated may be inflated or deflated in some batches as 
a result of a small number effect, making comparison between batches difficult (for 
example, 100% sensitivity for fine VP was found in batch three, but there were 
only 4 - 7  examples of fine VP classified in this batch, whereas in batch seven, 
sensitivity for fine VP was between 47% and 60%, based on 9 to 15 segments). 
Specificity was above 90% and comparable between and within all batches (between 
92% and 100%).
As it has been established that the rhythm classifications of the researcher were not 
substantially different from those of the cardiologists, if all of the segments 
recorded are taken into account, an overall specificity of 98% and sensitivity of 
84% (94% when considering coarse VP only, and 56% considering fine VP only)
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was achieved based on the rhythm classifications of the researcher. These levels of 
accuracy approximate those presented by Physio-Control Corporation.
4.8.4 Relationship Between AED Performance And Patient 
Outcome
Tapes were available for 146/186 (78%) victims described in Chapter Three. In 
ECG's recorded from those patients with a cardiac cause of arrest, sensitivities of 
95% for coarse VF, 53% for fine VF, and specificities of 98% for non-VF, 
according to rhythm categories assigned by the researcher were found.
When considering the initial ECG recorded in the cardiac patients, sensitivity 
overall increased to 92%, and 98% for coarse VF, probably due to there being 
more easily recognisable VF in the first recorded ECG samples of arrested cardiac 
patients, which degenerates into less distinct rhythms as time from collapse 
increases and shocks are given. This level of accuracy is comparable with that 
reported in previous trials involving AED's, and also with accuracy levels of 
EM T's trained in rhythm recognition.
The poorer sensitivity for "fine VF" might possibly have affected patient outcome, 
but it is unlikely that failure to shock this arrhythmia had great deal of influence on 
the survival rates observed. Amplitude of VF has been found to be a powerful 
indicator of outcome after cardiac arrest. The survival rate of patients initially 
found in VF with an amplitude of 0.2mV or less has been found to be 6%, 
compared with 36% in patients found in VF with a higher amplitude (Weaver and 
Cobb et al 1985).
In eleven patients, the initial rhythm was classified by the researcher as "fine VF", 
six of these patients received shocks (none survived). If the remaining five people 
in fine VF had received shocks, there is a slight chance that one would have 
benefited (according to the 6% figure above).
4.8.5 Implications Of Incorrect Treatment By The AED 
According To Cardiologists Questioned
There were some discrepancies in response to individual ECG segments by 
individual cardiologists, but in the majority of cases, the cardiologists said that all
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ventricular fibrillation should be shocked and failure to do so might reduce chances 
of survival; asystole should not be shocked, but thirteen of the fourteen 
cardiologists believed that shock administration would not be harmful.
In most cases, the cardiologists thought that organised rhythms without a pulse 
(EMD) should not be shocked. Opinions were divided regarding the potential harm 
of shocking EMD, but each person answered consistently. Some believed shocking 
would always be harmful, while others believed shocking would never be harmful. 
Others said that shock administration may be harmful in those cases where the 
rhythm was organised, with a rate of above about 40, but not in segments where 
there were isolated complexes or regular complexes with a very slow rate.
Few strips were classified as artefact, and opinions were mixed regarding whether 
artefact should be shocked or not, and whether failure to do so, or inappropriate 
defibrillation would result in either harm to the patient, or reduced chances of 
survival.
4.8.6 Implications For AED Algorithm Development
These views have implications for the development of AED algorithms. The 
difficulty in achieving 100% sensitivity for VF is largely due to the inability of the 
device to differentiate between fine VF and asystole.
In spite of the poor survival rates in patients found in "fine VF", an increase in 
machine sensitivity to fine ventricular fibrillation, at the expense of high specificity 
for asystole has been suggested, provided this is deemed "medically acceptable" 
(Edwards 1989). Since a different component of the algorithm is responsible for 
detecting QRS complexes, a reduction in specificity for asystole should not alter 
specificity for rhythms which show presence of distinct complexes with rates above 
20-30 per minute.
The views expressed by the majority of cardiologists questioned in this study 
support the suggestion that AED sensitivity to "fine" VF should be increased by 
lowering specificity for asystole. If it is believed that shock administration to "fine" 
VF is always indicated, and shock administration to asystole, although not 
indicated, is unlikely to be harmful to the patient, there is little benefit of 
meticulous adjustment of the AED algorithm to achieve an acceptable level of
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sensitivity for "fine" ventricular fibrillation while also maintaining 100% specificity 
for asystole. Also, as far as rhythm classification is concerned, most inconsistency 
occurred in the classification of fine ventricular fibrillation and ventricular 
fibrillation, and fine ventricular fibrillation and asystole. This implies a subjective 
element in ECG rhythm classification, and a broader margin of safe practice where 
treatment of asystole and "fine" VF is concerned.
In some communities where conventional defibrillators are used, these criteria have 
already been adopted. In Iowa, emergency medical technicians trained in rhythm 
recognition and use of a conventional defibrillator are authorised to shock asystole 
in addition to VF (Stults and Brown et al 1986b). Some systems practise blind 
defibrillation to all pulseless patients in cardiac arrest (Jones and Kerr et al 1990). 
Other reports have encouraged treatment of asystole with shock administration 
(Thompson and Brooks et al 1984, Ornato and Gonzales et al 1985). Also, VF may 
infrequently masquerade as asystole when recorded from the chest surface, in which 
case, defibrillation would be the optimal treatment (Cummins and Austen 1987).
4.8.7 Disadvantages O f Reductions In Specificity
The views of the cardiologists in this study were based on the assumption that, in 
the patients from whom the ECG rhythm segments were obtained, no pulse was 
present. Many of the ECG rhythms were bizarre and difficult to categorise, and the 
cardiologists were aware that the rhythms had originated from pre-hospital arrest 
victims. There was an informally expressed opinion from the experts that the fate of 
such victims was unlikely to be made worse, whatever treatment was administered. 
Therefore the views expressed are tailored to the use of the AED by operators who 
can be relied upon to accurately recognise cardiac arrest, in a situation where the 
fate of the patient cannot be worsened. These conditions may not always apply, 
particularly in the case of less experienced rescuers, for whom AED's are also 
intended (for example, lay first aiders, or family members).
While ensuring that patients are pulseless before application of the AED, and that 
the device is not used if the patient is moving or being moved (since a reduction in 
specificity for asystole may also result in some loss of specificity for artefact (Bocka 
1989)) are already important aspects in the training of an AED operator, these will 
become crucial if the safety limits of AED's are narrowed. If AED's become less 
specific, the consequential increase in the length of the training programme or level
1 8 5
of ability needed to become an AED operator may reduce the pool of potential users 
of AED's.
An alternative would be to develop different AED's of variable sensitivity and 
specificity. For users who can be relied on to accurately diagnose cardiac arrest, a 
highly sensitive device which is more likely to detect "fine" VF is the best option, 
even if this results in occasional defibrillation of asystole. For inexperienced users, 
or those who use the device infrequently, the safety aspect is paramount. A highly 
specific device, which may fail to recognise some examples of "fine" VF would be 
the best choice. Since the survival rate from "fine" VF is poor, this measure would 
not greatly compromise the efficacy of the device for resuscitation.
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4.9 SUMMARY O F CHAPTER FOUR
The results indicate that classification of ECG's associated with cardiac arrest 
involves an element of subjective criteria, rather than fixed definitions alone, to 
make diagnoses. It is therefore unlikely that 100% accuracy of AED's could ever be 
achieved according the clinical practice of all experts.
The degree of agreement between each pair of cardiologists was comparable with 
the agreement between individual cardiologists and the researcher, given the 
limitations of the methodology. According to the rhythm categories assigned by the 
researcher, the "Lifepak 200" functioned according to manufacturer's specification. 
The level of accuracy was comparable with that reported by previous trials 
involving AED's, and operators trained in rhythm recognition using conventional 
defibrillators. There is no evidence to suggest that the poorer than anticipated 
survival rates observed in the study described in Chapter Three were attributable to 
unsatisfactory performance of the decision-making algorithm of the AED.
AED's can be programmed to shock a patient in the presence of precise 
electrocardiographic criteria. Based on the opinions of the experts questioned, it is 
suggested that AED's should be either predominantly sensitive or specific dependant 
on the type of user for whom they are intended. Neither option would have major 
limitations in terms of patient survival or safety.
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CHAPTER FIVE
PERFORMANCE OF THE AMBULANCE 
STAFF TRAINED IN AED USE
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5.1 INTRODUCTION
Chapter Five aims to assess ambulance staff performance using the AED,
This assessment is relevant for two reasons. First, in terms of this study as a whole. 
Chapter Three described patient outcome from cardiac arrest in London when 
patients were treated by ambulance staff equipped with AED's, three per cent of 
patients survived. Chapter Four showed that the AED used (Lifepak 200) 
performed according to manufacturer's specification. The next step is therefore to 
investigate AED operator performance.
Secondly, this assessment is useful to add to existing information regarding the 
training, monitoring, and continuing education needs of ambulance staff as AED 
operators. It is accepted that the major benefit o f AED's is people with basic CPR 
skills only can be taught to defibrillate quickly, and there is less need for 
monitoring and formal refresher training of AED operators than for operators 
trained to use conventional defibrillators. However, the performance of ambulance 
staff trained to use AED's has not been fully evaluated in studies (referenced in 
Chapters Three and Four) which have been concerned primarily with either device 
accuracy or patient outcome.
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5.2 LITERATURE REVIEW
5.2.1 AED Training Programmes
The reported length of AED training programmes for EM T's and ambulance staff 
has ranged from four hours to eleven hours (11 hours in Tennessee, Gentile and 
Auerbach et al 1988; eight hours in Scotland, Cobbe and Redmond et al 1991; five 
hours in Seattle, Weaver and Copass et al 1986; and four hours in Iowa Stults and 
Brown et al 1986b) in systems where the staff trained had no previous training in 
advanced skills; and three hours in Washington, where 80% of candidates had 
already been trained in conventional defibrillation (Cummins and Eisenberg et al 
1987). All training programmes consisted of a theoretical section on basic 
cardiology, a review of basic CPR, "hands-on" practice using the AED, and 
practice using the AED in accordance with a set protocol. Testing was either by 
practical assessment only (Stults and Brown et al 1986b), or written and practical 
assessment (Weaver and Copass et al 1986, Cummins and Eisenberg et al 1987, 
Gentile and Auerbach et al 1988).
5.2.2 Continuing Education
Different methods of continuing education and refresher training have also been 
reported. Brief refresher training sessions lasting approximately 10 minutes per 
person were carried out at intervals of 75 days in Washington (Cummins and 
Eisenberg et al 1987), and monthly protocol review sessions were given in 
Tennessee (Gentile and Auerbach et al 1988). In Iowa, no formal refresher training 
was given, but apparently, trainees reported practicing on their own every six 
weeks (Stults and Brown et al 1986). Details of continuing education were not 
given in the studies from Scotland or Seattle.
5.2.3 O perator Perform ance
Several of the reports mentioned above do not comment on operator performance 
following training (Cobbe and Redmond et al 1991, Gentile and Auerbach et al 
1988, Weaver and Copass et al).
The Washington report stated that the subjective opinion of the EM T's was that the 
AED was easier to learn and to remember in terms of general operation.
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maintenance, and field protocols than was the conventional defibrillator (Cummins 
and Eisenberg et al 1987). As the staff involved had already been trained in 
conventional defibrillation, this study is of limited use in providing information 
regarding the performance of basic trained ambulance operators. A separate study 
from Washington described monitoring of five performance areas for operators 
using automated defibrillators: communication and command at the scene, 
defibrillation, patient support/assessment, safety, speed. A maximum of four points 
could be achieved in each area, allocation of some points was subjective on the part 
of the medical reviewer. The average score was 16.2 points out of 20. This report 
gave no details of why points were lost, and again, concerned the crews already 
trained in rhythm recognition and use of a conventional defibrillator.
The study from Iowa (Stults and Brown et al 1986), using AED operators who had 
not been trained previously in conventional defibrillation, reported that elapsed time 
from arrival to shock administration and adherence to protocol did not "measurably 
deteriorate with the passage of time", but no time intervals or further details 
regarding performance are given.
5.2.4 Sum m ary
The primary aim of many of the previous studies into the use of AED's has been to 
investigate patient survival and device accuracy, rather than operator performance. 
While these reports have not specified any particular problems concerning the 
operator's use of the AED, neither have they given an impression of the level of 
proficiency which can be expected from basic trained operators. Presumably perfect 
performance cannot be achieved by every operator all of the time; therefore, 
questions still to be answered are what level of performance can be considered 
"adequate", and what degree of continuing education and medical control is 
required.
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5.3 AIMS
1. To assess the performance of the crews using the AED during the scheme.
2. To assess whether the method of continuing education employed was effective.
3. To speculate whether any aspect of operator performance might have adversely 
affected patient outcome. -v-
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5.4 METHOD
5.4.1 The London Ambulance Service 
Basic Ambulance Training
The basic qualification of ambulance staff in the United Kingdom is that of 
Qualified Ambulanceman/woman. In order to become qualified, recruits to the 
London Ambulance Service first undergo a two week driving course and a six week 
course in all aspects of basic ambulance aid. Students are assessed by written 
examinations at the end of each week, and a practical classroom assessment at the 
end of six weeks. They then have four weeks practice in the field, continually 
supervised and assessed by ambulance instructors. If  this phase of the course is 
completed successfully, candidates are then able to work on emergency ambulances 
without supervision. After one year of fieldwork, ambulance staff are assessed for a 
full shift by an ambulance instructor. If their performance is considered 
satisfactory, full qualification (Millar Certificate) is awarded.
Extended Training
At the time this study was undertaken, the only additional skills routinely taught in 
London (excluding the pilot scheme described in Part One) were endotracheal 
intubation and insertion of intravenous cannulae, but not drug administration by 
either route. Staff volunteering for this training were eligible after two years work 
as a qualified ambulanceman/woman.
Medical Control and Monitoring of Performance
There is no case-by-case system of medical control in the London Ambulance 
Service. Qualified ambulance staff complete reports on each patient attended. These 
reports are mainly for administrative purposes, and are not routinely reviewed. 
Staff who have undergone training in intubation and infusion complete an additional 
report form which is submitted to the ambulance training school and reviewed by 
ambulance instructors. At the time this study was undertaken, no system of "in- 
house" medical control was in existence. Each ambulance station serves a number 
of local hospitals. Accident and Emergency departments in London have no formal 
role in the monitoring or continuing education of ambulance staff.
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5.4.2 The Defibrillator
The defibrillator used (the "LifePak 200" AED, PhysioControl Corporation), and 
it's operation, have been described in Chapter Three, section 3.3.3.
5.4.3 Personnel Involved
One hundred and ninety qualified ambulance staff were trained to use the "Lifepak 
200" AED. A description of the personnel involved can be found in Chapter Three, 
section 3.3.2. Qualified ambulance staff were taught to use the AED as an adjunct 
to basic CPR skills, or in the case of intubation trained staff, basic CPR plus 
intubation skills.
5.4.4 The Training Programme
The content and length of the training programme was based on those reported in 
the studies referenced earlier. AED training consisted of a six and a half hour 
course which included tutorials in basic cardiology, defibrillation and safety 
aspects, AED demonstration, "hands on" practice, and review of basic CPR (see 
training programme, figure 5.1). All lectures and demonstrations were given by the 
researcher. Instructors from the London Ambulance Service training school assisted 
with small group practical sessions. Approximately 12 staff attended each course. 
Training of all staff was completed within one month.
1 9 4
FIGU RE 5.1
TRAINING PROGRAM M E:- ADVISORY DEFIBRILLATION SCHEM E
9am C ardiac arrest:- aetiology, rhythms
encountered, treatment 
The concept of defibrillation 
Previous research findings 
Pre-hospital cardiac care - the 
state of the art 
Automated defibrillation
10-10.15 Coffee
10.15-10.45 Open discussion
10.45-11.15 Video "the new pulse of life"
11.15-12.30 Basic cardiopulm onary resuscitation
practical session with manikins
12.30-13.30 Lunch
1.30-2.00 The "Lifepak 200" autom atic advisory
defibrillator
Introduction. Features of the 
machine.
2.00-2.30 Practical session using the AED with 
arrhythm ia sim ulator
2.30-3.00 Safety aspects
3.00-3.15 Tea
3.15-4.00 Protocol demonstration and practice 
in groups using arrhythmia simulator 
and manikins
4.00-4.30 Assessment of students carrying out 
the protocol
4.30-5.00 Evaluation of scheme documentation 
requirements. Close.
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Several points were repeatedly stressed throughout training:
1. The AED should be taken in the first instance to any patient when the description 
of the patient's complaint given via 999 call suggested a possibility of cardiac arrest
2. The AED should be attached to the patient as soon as possible after arrival at the 
scene of cardiac arrest
3. The patient should not be moved to the ambulance before activating the AED 
unless conditions were hazardous
4. For intubation trained staff, intubation should be carried out after, rather than 
before, the use of the AED.
Training included a session on the documentation requirements of the trial.
5.4.5 Protocol For Use Of The AED
Staff were trained to use the defibrillator according to a protocol (See Chapter 3, 
figure 3.2). The protocol used was that suggested in an earlier report (Cummins 
and Eisenberg et al 1985c). Up to three shocks for VF were authorised, the first 
two at 200 Joules, the third at 400 Joules. Following each of the first two shocks, 
the ECG rhythm should be re-analysed. One cycle of CPR should be given between 
each shock and ECG rhythm analysis ("Interposed CPR"). Where no shocks were 
advised, the operators were required to analyse the ECG rhythm at the scene of 
arrest, and then transport the patient to hospital.
5.4.6 Course Assessment
At the end of the course, each student was required to demonstrate verification of 
cardiac arrest, and delivery of three shocks with interposed basic CPR, according to 
the protocol. Cardiac arrest was simulated using a Laerdal "Resusci Anne" manikin 
and ECG rhythm simulator. Performance was judged as adequate or not according 
to the subjective opinions of the ambulance instructors and the researcher. Staff 
who did not perform adequately were given extra time to practice and were then 
reassessed. All staff trained were allowed to practice following the course.
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5.4.7 Continuing Education
Continuing education and feedback regarding performance were given by the 
researcher. Staff were encouraged to submit the report form and tape, sealed in an 
envelope, to ambulance headquarters at Waterloo (via the ambulance service 
internal post) immediately after the cardiac arrest event. The researcher would 
collect the envelopes at regular intervals. Following analysis of patient report forms 
and ECG/audible tapes by the researcher, letters were sent to the staff concerned 
regarding their performance. Where errors in performance had occurred, these 
were pointed out and an explanation of why such errors may be detrimental to the 
patient was given. Good practice was reinforced. It was planned that the crew 
involved should receive feedback by this method within two weeks of the cardiac 
arrest incident.
Monthly newsletters were sent to the individual ambulance stations giving details of 
the patients treated and outcomes, reinforcing information given during training, 
and drawing attention to any common mistakes which were being made. The 
researcher spent one day per week visiting the ambulance stations involved and 
attending calls with ambulance crews. The purpose of these visits was to promote 
the scheme, answer queries, reinforce important information, give the crews the 
opportunity to see informative ECG/audible cassettes, and informally observe the 
practices of the ambulance staff.
No formal refresher training sessions were given.
5.4.8 D ata Collection
Performance was assessed for 15 months following training. Data were collected 
from ECG/audible tapes and reporting forms (see Chapter Three, Figure 3.3) from 
all patients treated during the trial. ECG/audible tapes were assessed if  the audible 
quality of the tape was sufficiently good to assess the performance of the AED 
operator.
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Where sufficient information was available on tape, operators were assessed for the 
following
Correct AED operation
That the operator:-
i) attaches electrodes correctly
ii) initiates ECG rhythm analysis
iii) delivers shock
Compliance with protocol sequence
Where shocks were advised by the AED, operators were assessed for the 
following:-
i) administration of up to 3 shocks only
ii) shocks administered at the correct voltage (200 Joules, 200 Joules followed by
400 Joules)
iii) interposed CPR given between each shock
iv) order to stand clear is given before shocks are delivered
v) initiates re-analysis of the ECG following each of the first two shocks
Protocol sequence compliance was not assessed when no shocks were advised.
Speed with which the AED was attached and activated
Information regarding whether intubation was performed before or after AED 
attachment, and whether the patient was moved to the ambulance before AED 
attachment was sought from report forms and tapes.
The reported time from arrival of the ambulance at the address given via emergency 
(999) call to activation of the defibrillator was investigated in all patients treated, 
and separately for cases where the AED was attached first, and in cases where it 
was known that the patient was moved or intubated before AED attachment.
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5.4.9 First Performed Cases
In all cases which were an operator's first performed case, protocol sequence 
compliance, whether the patient was moved or intubated before AED attachment, 
and time to attachment of the AED following ambulance arrival were compared in 
first cases performed within three months, and those performed more than three 
months after training.
5.4.10 Retention Of Skills
Protocol sequence compliance, whether the patient was moved or intubated before 
AED attachment, and the difference in time to attachment of the AED following 
ambulance arrival were compared between operators' first and second performed 
cases (excluding those people who had only performed one case); in the first to 
third cases (excluding people who had performed less than three cases), and the 
first to fourth cases (excluding those people who had performed less than four 
cases).
5.4.11 Patients Described In Chapter Three
Tapes and forms obtained from patients with cardiac causes of arrest in whom an 
initial ECG of VF was confirmed and who received shocks, were assessed 
separately for AED operation, protocol compliance and speed of AED operation.
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5.5 LIMITATIONS O F M ETHODOLOGY
As with the earlier chapters, a limitation of this part of the study is that the tapes 
were reviewed by the researcher only. The best way to assess the performance of 
the AED operators would have been to ask several people to review a sample of 
tapes, pool their opinions on the performance criteria which should be assessed, and 
then compose an objective assessment sheet based on these opinions. All of the 
tapes should then be reviewed by each member of the panel, using this score sheet.
This method, although theoretically sound, is unrealistic. Assessing ECG/audible 
tapes, in conjunction with written report forms is very time consuming. It is also 
necessary to gain experience of the technique before tapes can be assessed with 
confidence. The time commitment was therefore too great to gain the support o f a 
panel of independent assessors.
In support of the method employed, the researcher had gained expertise at assessing 
the ECG/audible tapes in earlier parts of the study before the assessment of crew 
performance was undertaken, had used the device in the field, and was also 
accustomed to the working practices and terminology used by the ambulance staff.
The performance criteria assessed were those directly related to the performance of 
the protocol and to AED use. The aspects of interest, for example, time or number 
o f shocks given, could be either measured or assessed objectively. Other criteria 
requiring more subjective assessment, for example, confidence or communication at 
the scene, were not assessed for this reason.
It is suggested that considering the difficulties of the task, the method employed 
was the most valid and practical.
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5.6 RESULTS
5.6.1 Data Available
Two hundred and sixty seven patients were attached to the defibrillator. One 
hundred and fourteen (60%) of the 190 operators performed at least one case. 
Report forms were available for all cases. In 237 cases (89%) ECG\audible tapes 
were available. In 30 (11%) cases the tape was missing or completely blank.
5.6.2 AED Operation
AED operation was assessed in 237 cases where tapes were available. In 217 
(92%), the AED was operated correctly.
Attachment Of Electrodes
In 5 (2%) cases electrode contact with the patients skin was not sufficient to give a 
clear ECG trace, resulting in a continuous "motion detected" alarm, and an 
eventual "no shock advised" decision by the AED.
Similarly, in 9 (4%) cases, at some point during the event recorded, and analysis of 
the ECG was initiated when the patient was being transported in a moving 
ambulance. Again, the resulting ECG trace was not decipherable.
Initiates Analysis
In 1 case there was a 29 second delay between attachment of the electrodes and the 
operator pressing the "analyse" control during which no action was taken.
Shock Administration
In 1 case, the operator pressed the "shock" control before the AED was charged. 
When the AED reached the charged state, the operator did not press the shock 
control and the charge was "dumped" (the patient was subsequently shocked after 
reanalysis).
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In 2 (1%) cases, operators analysed the ECG, shocks were not advised, but it was 
stated that a shock had been given.
In 1 case the operator failed to activate the 400 Joule button at the appropriate point 
to increase the voltage of the third shock.
In 1 case, audible sounds were present on the tape but no ECG was visible. This 
could have been due to the electrodes not being attached, or a device malfunction 
(although the AED operated normally during the next case).
5.6.3 Compliance With The Protocol Sequence Where Shocks 
Were Advised
In 95 cases where at least one shock was administered, enough information was 
available on the tape to assess crew performance.
Table 5.1 shows the total number of failures in each individual section of the 
protocol sequence (interposed CPR, correct voltage sequence, correct number of 
shocks, order to stand clear, analysing following shock administration), and how 
these errors were distributed in cases with one, two, and three errors per case, 
when failure in any section is counted as one error. In 3 (3%) cases, it was not 
possible to confirm whether or not interposed CPR was being performed, and 
therefore the total number of errors in these cases is unknown.
Thirty two (35%) cases in which the protocol sequence was performed without 
errors were performed by 30 different operators (26% of all operators). One 
operator performed two of these cases, the remaining cases were each performed by 
a different operator.
Figure 5.2 shows the proportion of times the protocol sequence was performed 
without errors in first, second, third, or fourth or later performed cases.
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TABLE 5.1 DISTRIBUTION OF PROTOCOL SEQUENCE ERRORS PER CASE
Number Of Errors Per C ase
No
Errors
1
Error
2
Errors
3
Errors
Total
Errors
Interposed CPR 0 13 15 5 33 (35%)
Stand Clear 0 5 11 6 22 (23%)
Volts 0 4 8 7 19 (20%)
Shocks 0 5 4 3 12 (13%)
Reanalyse 0 6 2 0 8 (9%)
Total errors 0 33 40 21 94
Number of c a se s 32
(35%)
33
(36%)
20
(22%)
7
(8%)
92*
* Complete data not available for 3 patients
FIGURE 5.2 PERCENTAGE OF 1ST TO 4TH PERFORMED CASES 
WHERE PROTOCOL SEQUENCE CORRECT
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5.6.4 Speed With Which The AED Was Attached And 
Activated
All cases (whether shocks given or not) were assessed.
Table 5.2 shows the proportion of cases where patients were intubated or moved 
before AED attachment and those cases where the AED was attached first.
The time from ambulance arrival to activation of the defibrillator was reported in 
212 (89%) of cases. The median and range of times for all cases, those where 
patients were moved to the ambulance or intubated before AED activation, and 
those where the defibrillator was attached first can be found in table 5.3.
Figure 5.3 shows time from ambulance arrival to defibrillator attachment in cases 
where the patient was moved or intubated before AED attachment, and in cases 
where the AED was attached first.
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TABLE 5.2 NUMBER OF PATIENTS MOVED OR INTUBATED BEFORE AED ATTACHED
Moved First 
Intubated First 
AED attached first
Yes No
66(28% ) 142(60% )
20 (22%) 52 (58%)
128(54% ) 77(32% )
Not documented/ Total 
Not Applicable
29(12% ) 237
18(20% ) 90
32(14% ) 237
TABLE 5.3 TIME FROM AMBULANCE ARRIVAL TO ACTIVATION OF AED
No 
of cases
Time
reported
Median
(Minutes)
Range
(Minutes)
All cases 237 212(89% ) 4 1-15
AED attached first 128 109 (85%) 3 1-12
Patients moved 
before AED attached
66 66 (100%) 7 1-15
Patients intubated 
before AED attached
20 19(95% ) 8 2-15
FIGURE 5.3 TIME FROM AMBULANCE ARRIVAL TO AED ATTACHMENT
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Moving the patient to the ambulance before AED attachment was an error made on 
66 (28%) occasions by 49 (43%) of operators. Figure 5.4 shows the percentage of 
operators who made this error on one or more occasions. Figure 5.5 shows the 
frequency of this error in first, second, third or fourth or later performed cases.
Intubation of the patient before AED attachment occurred in 20 (22%) patients who 
were intubated. These errors were made by 16 (62%) of the intubation trained 
operators. Figure 5.6 shows the percentage of operators who made this error on 
one or more occasions. Figure 5.7 shows the frequency of this error in first, 
second, third or fourth or later performed cases.
5.6.5 Overall Protocol Compliance When Shocks Were 
Administered
In 19 (20%) cases the protocol sequence was performed without errors and the 
AED was attached before the patient was moved or intubated. One operator 
performed two of these cases, the remaining 17 cases were each performed by a 
different operator.
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5.6.6 First Perform ed Cases
Performance was compared in those cases where operators used the AED for the 
first time within three months of training, and those who did not have the 
opportunity to use the AED until after three months following training. Results are 
shown in Table 5.4.
5 .6.7 Retention O f Skills
The maximum number of cases performed by any one operator was eight. The 
number of operators who performed between one and four or more cases is shown 
in Figure 5.8.
5.6.8 Assessment O f O perators Who Perform ed Two Cases
In the 57 operators who performed at least two cases, performance in the first case 
was compared with performance in the second case.
Table 5.5 compares performance all first performed and second performed cases, 
showing the proportion of cases where protocol sequence (in cases where shocks 
were administered) was performed correctly, the patient was moved or intubated 
before AED attachment, and the time interval between ambulance arrival and AED 
attachment.
The difference in time between ambulance arrival and AED attachment between the 
first and second cases is shown in Table 5.6. The median difference in time interval 
between first and second cases was 0 minutes, ranging from 13 minutes faster in 
the second case, to 9 minutes slower.
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TABLE 5.4 COMPARISON OF EARLY AND LATE PERFORMED FIRST CASES
Total first performed ca ses  = 114
Protocol sequence  compliance*
^  months 
>3 months 
N = 49 
P > 0.05
Yes
6 (40%) 
12 (35%)
No
9 (60%) 
22 (65%)
Moved First
^  months 
>3 months 
N = 100 
P < 0.01
4 (14%) 
30 (42%)
25 (86%) 
41 (56%)
Intubated first**
<3 months 
>3 months 
N = 31 
P > 0.05
2 (14%) 
4 (23%)
12 (86%) 
13 (77%)
Time to  activation of AED
^  months 
>3 months 
N = 114 
P > 0.05
<4 m lns
19 (59%) 
36 (44%)
5-8 m lns
9 (28%) 
28 (34%)
>8 m lns
4(13%) 
18 (22%)
* Patients who received shocks only 
** Intubated patients only
FIGURE 5.8 NUMBER OF CASES PERFORMED PER OPERATOR
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TABLE 5.5 COMPARISON OF PERFORMANCE BETWEEN FIRST
AND SECOND CASES
Total Number Of Qperators=57: N=Number Of C ases A ssessed
First Case S econd  C ase
Protocol S equence Correct*
A ttached In Ambulance
Intubated First*
Am bulance Arrival 
To Attaching AED (Mlns)
Median (Range)
8 (40%) 
N=20
19 (36%) 
N=53
2 (11%)
N=19
4
(1-15)
N=54
7 (50%) 
N=14
16(31%)
N=51
7 (39%) 
N=18
4.5
(1-11)
N=50
Cases Where Shocks Administered 
* Intubation Trained Staff Only, Total Number =23
TABLE 5.6 DIFFERENCES IN TIME INTERVAL BETWEEN
AMBULANCE ARRIVAL AND AED ATTACHMENT 
IN FIRST AND SECOND CASES
Time reported in 47 (82%) cases Time
In crea sed
Tim e
D e c re a se d
Tim e
U n ch a n g ed
No (%) Of C ases
Range Of Time Differences (mlns)
17(36%)
1-9
22 (47%) 
1-13
8(17%)
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5.6.9 Assessment Of Operators Who Performed Three Cases
Twenty seven operators performed at least three cases. Table 5.7 gives a summary 
of the performance over the first three cases in these operators. In those people who 
performed at least three cases, the differences in time interval between ambulance 
arrival and AED attachment between the first and the third, and the second and 
third cases are shown in Table 5.8. The median difference in time interval between 
the first and the third case was minus 0.5 minutes, ranging from 6 minutes faster to 
7 minutes slower. The median difference in time interval between second and third 
cases was 0 minutes, ranging from 8 minutes faster in the second case to 10 
minutes slower.
5.6.10 Assessment Of Operators Who Performed Four Cases
Eighteen operators performed at least four cases. Table 5.9 gives a summary of the 
performance in the first to fourth cases in these operators. In those people who 
performed at least four cases, the differences in time interval between ambulance 
arrival and AED attachment between the first and the fourth cases are shown in 
table 5.10. The median difference in time interval between the first and the fourth 
case was plus 1 minute, ranging from 6 minutes faster in the fourth case to 8 
minutes slower.
Individual Performance From First Through To Fourth Case
Table 5.11 shows performance in each of the individuals who performed at least 
four cases (n=18), showing protocol compliance and time from ambulance arrival 
to attachment of the defibrillator, in their first, second, third and fourth performed 
case.
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TABLE 5.7 COMPARISON OF PERFORMANCE BETWEEN FIRST, 
SECOND AND THIRD CASES
Total Number Of Operators=27; N=Number Of C ases A ssessed
First S econd Third
C ase C ase C ase
Protocol Sequence Correct* 4 (40%) 3 (33%) 5 (38%)
N=10 N=9 N=13
Attached In Ambulance 9 (38%) 6 (24%) 6 (26%)
N=24 N=25 N=23
Intubated First** 1 (9%) 3 (30%) 3 (38%)
N=11 N=10 N=8
Ambulance Arrival 4 4.5 4
To Attaching AED (mlns) (1-10) (2-11) (1-12)
Median (Range) N=25 N=24 N=24
C ases  W here Shocks Administered 
* intubation Trained Staff Only
TABLE 5.8 DIFFERENCES IN TIME INTERVAL BETWEEN
AMBULANCE ARRIVAL AND AED ATTACHMENT
First And Third Performed Cases
Number Of C ases=27 Time Reported In 22 (81) C ases
No Of Cases
Range Of Time Differences (mlns)
Time
Increased
10 (45%)
2-7
Time
D ecrea sed
11 (50%)
1-6
Time
U nchanged
1 (5%)
Second And Third Performed Cases
Number Of C ases=27 Time Reported In 21 (78) C ases
No Of Cases
Range Of Time Differences (mlns)
Time
Increased
7 (3.3%)
1-10
Time
D ecreased
10(48% )
1-8
Time
U nchanged
4(19% )
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TABLE 5.9 COMPARISON OF PERFORMANCE IN PEOPLE 
WHO PERFORMED AT LEAST FOUR CASES
Number Of Operators=18
First Second Third Fourth
C ase C ase C ase C ase
Protocol Sequence 2 (29%) 1 (17%) 4(40% ) 0 (0%)
Correct* N=7 N=6 N=10 N=9
Attached In 4 (25%) 4 (25%) 4 (25%) 6 (33%)
A m bulance N=16 N=16 N=16 N=18
Intubated First** 0 (0%) 2 (29%) 1 (17%) 2 (33%)
N=8 N=7 N=6 N=6
Ambulance Arrival To 4 5 4.5 4.5
Attaching AED (1-10) (2-11) (1-12) (1-9)
Median (Range) N=17 N=16 N=17 N=16
C ases W here Shocks Administered ** intubation Trained Crews Only
TABLE 5.10 DIFFERENCES IN TIME INTERVAL BETWEEN AMBULANCE ARRIVAL 
AND AED ATTACHMENT IN FIRST AND FOURTH PERFORMED CASES
Time Reported In 15 (83) C ases 
No Of Cases
Range Of Time Differences
Time
Increased
8 (53%)
1-8
Time Time
D ecreased  U nchanged
6 (40%) 1 (7%)
1-6
FIGURE 5.11 PERFORMANCE OVER FOUR CASES
Key ✓= Correct X = Incorrect ? = Unable To Assess - = Not Applicable
Time To Attach 
(M inutes)
Protocol Attached In 
A m bulance
Intubated First
C a se C a se C a se C a se
O p er 1 St 2 3 4 1 s t 2 3 4 1 s t 2 3 4 1 s t 2 3 4
1 5 2 11 ? X X ? ✓ ✓ ✓ - - - _
2 3 2 1 5 X - ✓ X ✓ ✓ ✓ X - - - -
3 3 3 3 ? ✓ - - - ✓ ✓ ✓ ✓ ✓ X ✓ ✓
4 4 6 4 6 X - ✓ - ✓ ✓ ✓ ✓ ✓ ✓ X X
5 10 6 4 4 - - ✓ - X ✓ ✓ ✓ - - - -
6 9 5 8 8 - - - - X X X X - - - -
7 4 7 9 5 X - - X ✓ X - X - - - -
8 9 2 12 3 - - - - ✓ - ✓ ✓ - - - -
9 1 ? 6 3 - - X - ✓ ✓ ✓ ✓ ✓ ? ? ?
1 0 3 3 1 5 X - ✓ X ✓ ✓ ✓ ✓ ✓ ✓ ✓ ?
1 1 6 4 4 1 ✓ X X X ✓ ✓ ✓ ✓ ✓ ✓ ✓ ?
1 2 2 9 5 4 X - - X ✓ ✓ ✓ ✓ ✓ ✓ ? ✓
1 3 2 - 1 2 - - X X ✓ ? ✓ ✓ - - - -
1 4 4 6 6 3 - X - X ✓ ✓ X ✓ ✓ ✓ ✓ ✓
1 5 4 8 10 9 - - X - X X X X ? ? ✓ X
1 6 - 11 3 7 - ✓ - X ? X - X ✓ X ? ✓
1 7 1 8 8 9 - X X - ✓ ✓ X X - - - -
1 8 4 2 ? 2 - X - X X ✓ ✓ ✓ - - - -
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5.6.11 Assessment Of Crew Performance In Patients 
Described In Chapter Three
An initial ECG of VF was confirmed in 73 patients with cardiac cause of arrest. At 
least one shock was advised by the AED in 67 patients; in 63 (94%) patients 
enough information was available to assess crew performance. Data regarding 
protocol compliance and time to AED attachment can be found in Appendix 5.1. In 
22 (35%) of the 63 cases assessed, the protocol sequence was performed without 
errors. In 13 (21%) of these patients, the AED was also attached before the patient 
was moved or intubated.
5.6.12 Relating Crew Performance To Patient Outcome
In 13 cases of patients with cardiac cause of arrest, found in ventricular fibrillation, 
where the protocol sequence was performed without errors and the AED was 
attached before intubation or patient movement, 2 (15%) were dead on arrival at 
hospital, 8 (62%) died in the Accident department, and 3 (23%) were admitted to 
hospital. Two (2%) were discharged from hospital with no neurological deficit.
Of the patients who survived, information regarding crew performance was 
available for six patients. None were moved or intubated before AED attachment. 
The protocol sequence was performed correctly in two of the six patients (in two 
patients, interposed CPR was not given, in one patient, the first shock was given at 
400 Joules, and in one patient, the ECG was not re-analysed immediately following 
shock administration). The AED was attached within two minutes of ambulance 
arrival in four patients, and within four minutes in two patients.
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5.7 DISCUSSION
5.7.1 D ata Available
The proportion of cases documented on cassette tape (89%) was higher in the AED 
scheme than in the ACLS scheme described in Chapter Two (58%).
The proportion of operators assessed (60%) appears low. Ambulance staff work in 
crews of two, one member drives the ambulance, and the second member, who 
deals with the patient, is known as the attendant. The crew allocate these roles 
themselves; most crews alternate, but some did not. Operation of the AED was the 
job of the attendant, and it was this person who completed and signed the report 
form and submitted the tape. Staff who regularly took the role of driver were 
therefore less likely to be the named AED operator.
In addition to the cases described, it is known that at least six operators did not use 
the AED when the patient arrested on route to hospital, choosing instead to 
transport the patient to hospital for treatment. This may have happened in more 
cases.
The tapes varied in sound and ECG quality, and quality of the commentary 
provided by the operator. As a result not all of the information sought (ECG 
rhythm and operator performance details) could be obtained from every tape. One 
cause of missing data was "double exposure" of the cassette tapes. This occurred 
when crews had lifted the screen of the AED to check the equipment or practice 
using the device, which activated the tape recorder. They then rewound the tape in 
order that sufficient tape would be left to record the next cardiac arrest incident. 
This resulted in details of the next patient incident being superimposed onto what 
had been previously recorded. This occurred to some degree in 14 (6%) of cases. It 
was not possible to decipher all ECG rhythm details in these cases, but crew 
performance, and whether a shock had been given could be identified in some cases 
where it was possible to assess the audible content. In some tapes the period of 
double exposure was fairly short, affecting only the earlier part of the incident, but 
in some cases, the whole tape was affected.
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5.7.2 AED O peration
There were no instances of complete failure to press the "analyse" or "shock" 
buttons, but in one case, a shock was not given because the control was pressed too 
soon. The possibility that some of the occasions where the tape was missing or 
blank (11%), or did not operate normally, may have been due to operator error 
cannot be excluded.
Correct attachment of the electrodes through which the ECG rhythm is monitored 
and the shock delivered is an important aspect of performance. Errors in attachment 
may result in an inadequate ECG trace which could potentially inactivate or "fool" 
the electronic algorithm. In 5 (2%) cases, it was known that the electrodes were 
improperly attached, because there was an audible "motion detected" alarm. In 9 
(4%) cases the AED was used to analyse the ECG while the patient was in a 
moving ambulance. In both instances, the ECG rhythm could not be confirmed 
with confidence, and it was not possible to say whether the decision made by the 
AED was appropriate or not. These cases were not included in Chapter Four, 
where accuracy of the electronic algorithm was assessed. In these patients (6%) 
there was potential for improper treatment secondary to operator error rather than 
failure of the electronic algorithm.
Therefore, although the incidences of inability of the operator to use the AED, once 
attached, were infrequent, a major component o f using the AED is the correct 
placement and attachment of the electrodes. This type of error is more serious than 
uncertainty and delay in operating the controls of the AED, since it is more likely 
to result in complete failure to shock VF. This aspect is difficult to assess by any 
method of monitoring, other than direct observation.
5.7.3 Protocol Compliance
Overall, the protocol sequence was performed without errors in 35% of cases 
where shocks were administered. In the majority of cases involving protocol 
sequence errors only one error was made.
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5.7.4 Speed O f Activation O f AED
The median time taken to activate the defibrillator after ambulance arrival was four 
minutes. As with the ACLS trained crews described in Chapter Two, time was 
avoidably lost in some cases where the patient was intubated, or moved to the 
ambulance before AED attachment. The median time to AED attachment was 
longer in cases where these "attachment" errors occurred than in those patients 
where the AED was attached first (7 and 8 minutes versus 3 minutes).
5.7.5 D istribution O f E rrors
The above data do not indicate whether the errors were made repeatedly by a small 
number of people, or whether performance in the areas assessed improved or 
worsened with experience in the field. The data were broken down further do give 
a clearer impression of the pattern of performance errors. Protocol sequence errors 
and errors resulting in delay in attaching the AED (secondary to intubating or 
moving the patient first) were generally made once by a large number of operators, 
rather than repeatedly by a small number of people.
The protocol sequence was performed without errors more often in the earlier cases 
performed than in the later cases (although the lower proportions in the later cases 
may be due in part to a small number effect). Observation of the frequency of 
errors resulting in delays in attachment in early and late performed cases showed 
these did not occur predominantly in either the first or second cases performed, 
which might have suggested a positive effect of continuing education or practice in 
the field, or in the later performed cases, which might have suggested that more 
errors are likely to occur with increasing length of time following training. What 
has not been taken into account is the length of time between sequentially 
performed cases, which was variable in the operators studied.
Seventy two per cent of operators did not have the opportunity to use the AED until 
more than three months after the start of the trial (the decision to use the three 
month time interval was arbitrary). A higher proportion of these operators intubated 
or moved the patient before AED attachment than did those operators who used the 
AED within three months of training, and fewer of them activated the AED within 
4 minutes of arrival at the location of cardiac arrest. There was less difference in
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protocol compliance in cases performed within three months of training, and more 
than three months after training.
5.7.6 Retention of skills
The figures above describe performance in all sequentially performed cases. This 
may be misleading because all of the operators assessed performed a first case, but 
only half of the operators performed a second case, and fewer performed third and 
fourth cases. In a further breakdown of the data, performance was assessed in the 
same people over two, three and four cases. Performance in first, second, third and 
fourth performed cases in terms of protocol compliance and median time from 
ambulance arrival to AED attachment did not markedly change with time. There 
was an increase in the proportion of operators who intubated the patient first in the 
second and third cases, but the number of intubated patients was small, therefore 
this may not reflect a meaningful difference.
5.7.7 Training And Continuing Education
The training programme was comparable in length and content to that given in 
other centres, but as previous reports have not provided comparable information, it 
is not known whether the degree of protocol compliance is comparable with, poorer 
than, or better than that elsewhere.
The reasons why unfavourable practices of moving or intubating the patient before 
AED attachment occurred in spite of instructions to the contrary in initial training, 
and were not resolved by the general and individual continuing education can only 
be speculated. The same practices were apparent in the ACLS trained crews, 
described in Chapter Two. Neither the longer ACLS training, nor the short AED 
course with continuing education were sufficient to convince the staff to change the 
established practices of locating and assessing patients before retrieving the 
appropriate equipment, or treating the airway as a higher priority than defibrillation 
(these practices were discussed in Chapter Two). These measures result in a 
pernicious delay for the cardiac arrest victim.
Although when viewed overall, performance in the areas studied appeared to 
remain more or less the same from the beginning of the trial to the end, suggesting 
that the continuing education had no effect on improving poor performance, these
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data have been discussed in general terms because the size of the sample does not 
allow for a detailed analysis of the performance of individual operators. It is 
encouraging that few operators made the same errors on more than one occasion. 
Also, there is some evidence that performance in individual operators did change 
with time. Some operators were quicker to attach the AED in later performed 
cases, but a comparable number of operators were slower. Therefore, although the 
median time to AED attachment remained the same, performance in individuals had 
changed. Table 5.11 demonstrates the diversity of performance and the variable 
trends among individual operators who performed at least four cases. The 
possibility that the skill is acquired and retained differently by different individuals, 
or that the method of continuing education was effective in changing performance 
or maintaining performance in some people, but not others cannot be excluded. An 
additional factor which may also account for variable performance in the same 
operator is the effect of extraneous factors which make compliance with any set 
protocol difficult, for example location of the patient, or interference from relatives 
or bystanders.
A larger study over a longer period would be needed to investigate the changes in 
performance in individuals with time, experience in the field, and different types of 
continuing education.
5.7.8 Consequences of Performance Errors Documented 
Protocol Sequence
Cases where shocks were administered were assessed for correct number o f shocks, 
correct voltage sequence, interposed CPR between each shock administration and 
subsequent analysis, giving a verbal order to stand clear, and re-analysis of the 
ECG following each of the first two shocks. Each of these elements of the protocol 
sequence will be discussed.
Interposed CPR
Failing to administer interposed CPR was the most commonly occurring protocol 
sequence error in this study (35% of occasions). Early AED protocols aimed to 
maintain basic CPR for as long as possible, allowing short interruptions only for 
AED use. The aim is now to simplify protocols in order to increase the probability
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of correct shock administration (Cummins and Eisenberg et al 1985c), and recently 
devised AED protocols omit interposed CPR altogether as a method of achieving 
this. Interposed CPR is therefore not generally regarded as an essential element of 
the protocol.
Clearing the Area
The second most common mistake was that of failing to give the order to stand 
clear (23% of cases). In some cases, this might have been because a visual check 
was made and no one was present at the time, but this is not possible to assess 
using audible tapes.
Following a survey of pre-hospital personnel who had received shocks accidentally 
by being in contact with the patient, or equipment touching the patient at the time 
the shock was given, it was concluded that the nature of the injuries which could be 
expected as a result were minimal, with no lasting sequelae (Gibbs and Eisenberg et 
al 1990). This is supported by a laboratory study which tested the transient leakage 
current of a defibrillator, measuring the current which could possibly be delivered 
to an operator, in the worst possible scenario of the operator touching the paddle at 
discharge. The peak current was found to be 1.5mA and time duration of 1 msec, 
which is within the recommended safe value of 50mA peak current and duration of 
10 msec (Dedrick and Darga et al 1989).
Clearing the area is therefore an important safety aspect of defibrillation protocols, 
and should be maintained, but it is concluded that occasional failure to do so is not 
a critical error.
Shock A dm inistration
Thirteen per cent of operators gave four to six shocks, when only three were 
authorised, and twenty per cent of operators did not administer shocks according to 
the 200 Joule, 200 Joule, 400 Joule sequence. Two hundred joule shocks have been 
shown to be as effective as shocks of higher energy in the first instance, but use of 
lower energy shocks initially may be safer, resulting in less myocardial damage 
(Weaver and Cobb et al 1983). If transthoracic impedance is high, shocks of higher 
energy may be effective when low energy shocks have failed to defibrillate (Kerber 
and Grayzel et al 1981).
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Since administering a third shock at a higher voltage may benefit some patients, 
this element of the protocol should be emphasised.
Reanalysing the ECG
In the 8% of cases where the operator failed to re-analyse the ECG following either 
the first or the second shock administration, any patient still in VF at this point 
would not have received a subsequent shock. Analysing at the appropriate point is 
therefore an important element in the protocol sequence, since failing to shock VF 
is directly related to patient survival.
It is concluded that failing to clear the area or give interposed CPR, or 
administering more than three shocks, is unlikely to have had deleterious effect on 
patient survival. Failing to give a third shock at 400 Joules, or failing to re-analyse 
the ECG after shock administration, might have reduced the chances of survival in 
some patients.
Speed of Shock A dm inistration
Studies have shown that the likelihood of survival from cardiac arrest is inversely 
proportional to the number of minutes from collapse (Weaver and Cobb et al 
1986b; Eitel and Walton et al 1988) and that if patients are not defibrillated within 
8-10 minutes following collapse, the chances of survival fall sharply (Eisenberg and 
Bergner et al 1979c). Therefore, it is possible that any delay in defibrillation 
incurred by the actions of the ambulance crew might have reduced the likelihood of 
patient survival. The median times from arrival of the ambulance to defibrillator 
attachment in the case of patients who were intubated, or moved to the ambulance 
first, were 8 and 7 minutes respectively. Therefore, regardless of ambulance 
response time, the delay between ambulance arrival and defibrillator attachment 
was independently long enough to reduce the likelihood of survival in these 
victims. Eighteen (29%) of the patients described in Chapter Three who received 
shocks had been intubated or moved before the AED was attached (none survived). 
Therefore, in these patients, there is a possibility that earlier shock administration 
might have been more successful.
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There were too few survivors to quantify the effects of the errors detected on 
survival. In four of these six victims who survived, there were errors in protocol 
sequence compliance, but no survivor was intubated or moved before AED 
attachment.
5.7.9 Im plications for Training and Continuing Education
The difficulties in retaining psychomotor skills which are not used for weeks or 
months following training are well known, an obvious example being the skills of 
basic CPR (Weaver and Ramirez et al 1979). Although staff are able to operate an 
AED following brief training, the protocol sequence was only performed perfectly 
on 30-40% of occasions throughout the trial. This suggests that the protocol 
sequence was too difficult for the crews to acquire or retain following one day 
training with continuing education.
Improving the retention of the protocol sequence might be achieved by increasing 
the length of the initial training programme or by having regular practical refresher 
sessions. The drawback of increasing the amount of formal practice for AED 
operators is that the advantages of brief training will be diminished, and any extra 
training commitments will indirectly reduce the number of operators who can be 
trained.
The function of a set protocol is to provide a framework in which the operators 
may practice safely and effectively, and a benchmark against which performance 
can be assessed. Whereas speed of defibrillation has been shown to be 
unequivocally related to patient outcome, elements of the protocol sequence have 
not. The protocol sequence is therefore less important in terms of patient survival 
than is speed of attachment of the AED. If absolute compliance with a protocol 
sequence is considered important, a better option may be to simplify the sequence. 
Some attempt has already been made to do this, by omitting interposed CPR. Also, 
some newer models of the AED automatically administer shocks in a 200, 200, 400 
Joule sequence, further reducing the demands on the operator.
Ensuring that ambulance staff use the AED at the earliest possible convenience is a 
more difficult problem to resolve, since this requires a change in their established 
practices. The same types of performance error were observed in the more 
extensively trained ACLS crews described in Chapter Two, therefore, it is doubtful
2 2 2
whether increasing the length of the AED training programme would rectify this 
problem in London. An alternative strategy may be to teach AED use during initial 
ambulance staff/EMT training, in order to establish defibrillation as a priority, 
before working practices have developed which might impede early shock delivery 
to patients in ventricular fibrillation.
5.8 SUMMARY OF CHAPTER FIVE
Following a six and a half hour training programme, crews were able to operate the 
AED in 92% of the cases assessed. Complete compliance with the protocol 
sequence occurred in only 34% of cases of patients who received shocks, but the 
majority of cases of non compliance involved only one error. Failing to attach the 
AED at the earliest possible convenience in accordance with the protocol was an 
error which occurred in 32% of the cases assessed.
For the patients described in Chapter Three, where there were avoidable delays in 
shock administration to patients in ventricular fibrillation (29%), attributable to the 
actions of the ambulance crew, this might have reduced the patients’ chances of 
survival.
Performance overall did not change with time or continuing education, but there 
was evidence that performance improved in some individuals, possibly as a result 
o f the continuing education. A larger study is required to explore this possibility 
further.
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CONCLUSION TO PART TWO
The aims of Part Two were to compare the outcome of patients treated by 
ambulance staff using an AED with those treated by basic CPR only, to assess the 
accuracy of the "LifePak 200" AED, and to assess the performance of the 
ambulance staff using the AED.
The first aim could not be accomplished. There was evidence that patient selection 
took place at ambulance crew level, and the number of survivors was too small to 
make meaningful comparisons. The adverse community and system factors 
identified in Part One were confirmed in the AED study. The AED used performed 
according to specification, but there were delays in defibrillation as a result o f the 
actions of the ambulance staff, similar to those reported in Part One, which might 
have reduced the chances of survival in some victims.
Larger numbers of patients would be needed to demonstrate a statistically 
significant difference in treatments with the number of survivors achieved, but even 
so, statistical significance does not necessarily validate the clinical importance of a 
small difference in survival. Although it can be argued that any difference, however 
small, must be regarded as important when this pertains to lives saved, what must 
also be taken into consideration is whether the resources spent on increasing 
survival rates from pre-hospital cardiac arrest by one or two percent could have 
been used to greater life saving effect in some other sphere of pre-hospital care.
Results of investigations into pre-hospital cardiac arrest in London described in 
Parts One and Two have therefore shown less than 10% survival in victims treated 
by ambulance staff using either basic CPR only, defibrillation only, or advanced 
cardiac life support. Elsewhere, the life saving effect of early defibrillation has 
been demonstrated unequivocally, and provision of pre-hospital defibrillation is 
now considered by some to be a basic requirement of ambulance services. Since 
AED training is simple and could possibly be incorporated into basic ambulance 
staff training, the results of these investigations suggest that training of ambulance 
staff in AED use would result in provision of pre-hospital defibrillation without the 
higher cost of a paramedic scheme, and without compromising patient outcome in 
London.
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In view of the difficulties experienced in attempting to provide definitive care for 
pre-hospital arrest victims quickly enough by means of the regular ambulance 
service in London, additional strategies should also be investigated. In rural 
communities in the United States, where long response times were similarly held 
responsible for poor survival rates, it has been suggested that strategic placement of 
AED's in the community may result in more rapid defibrillation than waiting for 
the ambulance on call (Vukov and White et al 1988). London is not a rural 
community, but the problem of long response times is similar. Increasing the use of 
defibrillators by people who are likely to witness a cardiac arrest in the community 
should be considered. This may involve training of lay people, first aiders and 
family members.
The first stage in exploring this possibility is to investigate whether lay people can 
acquire and retain the skills of automated defibrillation, and what training would be 
required.
This approach will be explored in Part Three.
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PART THREE
ACQUISITION AND RETENTION O F THE SKILLS O F AUTOMATED
DEFIBRILLATION IN VOLUNTEER FIRST-AIDERS
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INTRODUCTION TO PART TH REE
The potential for successful resuscitation in a community is determined by the 
number of cardiac arrest victims who are found in ventricular fibrillation by 
individuals equipped and able to defibrillate.
It has been suggested that AED's could be as readily available as fire-extinguishers 
for use in the community at large by lay bystanders (Cummins 1989). The 
rationale for this being that people who experience cardiac arrest outside the home 
are younger, more likely to have witnessed arrests, more likely to be in ventricular 
fibrillation and less likely to have health problems that lower the probability of 
successful resuscitation (Litwin and Eisenberg et al 1987). Placing defibrillators at 
strategic points in the community would involve more widespread training in 
defibrillation among lay people and health care professionals, but there are 
unanswered questions regarding the ability of lay people to acquire and retain this 
skill when the training programme is, by necessity, very brief, (otherwise it would 
not be practicable to train large numbers of people) and the skill is used 
infrequently.
The aim of the final part of the study is to investigate the possibility of widespread 
defibrillation training among lay people by studying acquisition and retention of 
the skills of AED use in St John Ambulance volunteers. St John Ambulance is an 
appropriate organization both to train in the use of the AED and to study. Firstly, 
volunteers include professional health care workers and lay people, with prior 
knowledge of basic CPR techniques. Secondly, St John Ambulance provide a 
First Aid service at many large scale events. Epidemiological studies of cardiac 
arrest and reports from large events suggest that there is one arrest for every one 
million people who attend (Weaver and Sutherland et al 1989). Cardiac arrests at 
such events are likely to be witnessed and there is an increased likelihood of 
bystander CPR. If a defibrillator were available, the likelihood of survival may be 
in excess of 50% for a patient who sustains a witnessed cardiac arrest due to 
ventricular fibrillation (Weaver and Cobb et al 1986a). However, ambulance 
response times to such events may be long because of the physical characteristics 
of the location and congestion, therefore the benefits of early recognition and basic 
treatment are lost. First-aiders have the advantage of being present at the scene 
and are able to respond quickly, but such an advantage is not fully realised if  they
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do not have the skills and equipment to provide definitive treatment for cardiac 
arrest.
The St John Ambulance in London estimate that approximately 300-500 St John 
Ambulance members require training in defibrillation for one trained member to 
be present at all large events with anticipated crowds in excess of 10,000, and 
smaller venues where regular use is made of fixed facilities.
With such a training investment, it is necessary to ascertain which individuals 
would be eligible for training, what the training requirements are, and how long 
skills are retained.
The aims of the study are to compare acquisition and retention of AED skills in 
nurses and lay St John members, and volunteers who have received a two hour 
training and those who have received a four hour training. Performance following 
training, and at three and six months after will be investigated.
The study is presented in five chapters. Chapter Six will describe the study and 
present results from the initial training session and a discussion of those results. 
Chapters Seven and Eight present results and discussion relating to assessment 
sessions at three and six months. Chapter Nine will deal with the changes in 
performance from training, through three months and six months, and Chapter 
Ten will discuss the implications of the findings and make recommendations.
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CHAPTER SIX
DESCRIPTION OF THE STUDY AND 
PERFORMANCE AT TRAINING
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Chapter Six contains a review of relevant literature, a description of the study, the 
results of the initial training session and a discussion of those results.
6.1 LITERATURE REVIEW
6.1.1 Previous Studies Involving Lay Person Use O f AED's
Research into the use of AED's by lay people is in its infancy. In comparison with 
the amount of published work regarding the sensitivity and specificity of AED's 
and their use in the field, few studies have been performed concerning the training 
of lay operators. Differences in type of trainee, length of training and methods of 
assessment prevent comparison of results. A synopsis of the studies performed can 
be found in Table 6.1.
Three of the studies involved family members of cardiac patients (Chadda and 
Kammerer 1987a; Mcdaniel and Berry et al 1988; Eisenberg and Moore et al 
1989). Two studies involved lay people acting as first-aiders to the general public 
(Weaver and Sutherland et al 1989, Cummins and Schubach et al 1989b). 
Acquisition and retention of skills in lay family members and lay people acting as 
first aiders cannot easily be compared. The ease with which family members 
acquire and retain the skills of AED use, and their ability to use the AED in the 
real situation, is likely to be affected by the psychological implications of 
preparing for and attempting to treat cardiac arrest in a loved one. The experience 
of training lay family members may therefore be different to that of training lay 
people in general to acquire and retain the skill.
6.1.2 Training And Assessment O f Skill
The method of AED training, where stated, consisted of lectures, use of visual 
aids, demonstrations and small group practical sessions (Eisenberg and Moore et al 
1989; Cummins and Schubach et al 1989). Following training, candidates were 
required to demonstrate the use of the AED in a simulated cardiac arrest situation. 
Assessment of skills differed, using either subjective (Weaver and Sutherland et al 
1989), objective (Mcdaniel and Berry et al 1988, Eisenberg and Moore et al 
1989), or a combination of both criteria (Cummins and Shubach et al 1989b). 
Basic CPR skills, that is, chest compression and artificial ventilation were also 
assessed. One study stated that poor performance of basic CPR accounted for the
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majority of marks lost (Mcdaniel and Berry et al 1988). It is well known that basic 
CPR skills are lost over time (Weaver and Ramirez et al 1979, Kalmthout and 
Speth et al 1985, Mckenna and Glendon 1985), but other than a decrease in speed 
of shock administration (which could also have been affected by basic CPR 
performance), the studies do not report which skills directly related to AED use 
were lost.
6.1.3 Acquisition and Retention of Skills in Lay People
The studies reviewed all demonstrated that lay people could be taught to use an 
AED in a simulated situation, the length of initial training varied from two hours 
(Cummins and Schubach et al 1989b), to eight hours (Chadda and Kammerer 
1987a).
In all studies where retention of skills over time was investigated (Mcdaniel and 
Berry et al 1988, Eisenberg and Moore et al 1989 Cummins and Schubach et al 
1989b) a decrease in skills and speed of shock administration was seen. Retention 
was poorer in older candidates (over 55 years Mcdaniel and Berry et al 1988, and 
over 60 years Cummins and Schubach et al 1989b).
In spite of this reported loss of skill, there was some cause for optimism. In one 
study involving lay first aiders, only four percent of the errors made at retesting 
would have prevented shock delivery to patients in ventricular fibrillation 
(Cummins and Schubach et al 1989b), and family members could potentially 
deliver a shock within two minutes of collapse, which is faster than the average 
response time of EM T's or paramedics (Eisenberg and Moore et al 1989).
6.1.4 Perform ance In Actual Cardiac Arrest Situations
Not surprisingly, there has been little experience of lay person use of the AED in 
actual cardiac arrest situations. Where actual cardiac arrests occurred during the 
trials reviewed, case histories in two studies (family members, Eisenberg and 
Moore et al 1989, lay people working as first aiders, Cummins and Schubach et al 
1989b) suggested that performance was not as good as in simulated emergencies. 
In the majority of cases where the AED was not used or used improperly, this was 
due to cardiac arrest recognition and AED operation errors. This problem was not
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common in all of the studies (family members, Chadda and Kammerer 1987a; lay 
first-aiders Weaver and Sutherland et al 1989).
A further study, reported in abstract form, described the treatment of 30 cases of 
cardiac arrest by lay first-aiders using the AED (Chadda and Kammerer et al 
1987b). Fifteen patients were in ventricular fibrillation, all were shocked and five 
(33%) were long term survivors. No details of the training programme or precise 
details of performance are given (attempts to obtain this information from the 
authors by correspondence have been unsuccessful).
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6.1.5 Use O f AED's By Trained Nurses
A sizeable group of trained nurses (Registered and Enrolled) are active in the 
voluntary first aid services. Recently, the Royal College of Nursing of the United 
Kingdom has endorsed the concept of defibrillation by nurses using AED's. No 
studies have been performed which investigate the ability of trained nurses to use 
the AED. Relatively few nurses have been trained in EGG rhythm recognition and 
use of a conventional defibrillator, but nurses have greater exposure to cardiac 
arrest and use of defibrillators than do lay people, even if this experience is limited 
to that gained during nurse training. Therefore their ability to acquire and retain 
the skills of automated defibrillation may be different from lay people.
6.1.6 Sum m ary
Previous research has suggested that lay people are capable of acquiring and 
retaining some of the skills of AED use. Further research is into use of AED's by 
lay people is indicated; the optimum length of initial training in AED use for lay 
first aiders, and the effect of length of initial training on the length of time skills 
are retained, is unknown. Since no previous research into training nurses in AED 
use has been performed, it would be also be useful to know if  nurses and lay 
volunteer first aiders require different AED training, and whether there is any 
difference in their retention of skills. In order to provide training guidelines for the 
future, objective methods of assessing skills in AED use should be utilised.
6.2 NULL HYPOTHESES
1) There is no difference in acquisition and retention of AED skills between lay St 
John members, and nurses in St John.
2) There is no difference in acquisition and retention of AED skills between 
individuals who have received a two hour training in the use of the AED, and 
those who have received a four hour training.
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6.3 METHOD
6.3.1 Recruitm ent O f Subjects
Lay St John members, and nurses in St John were invited to volunteer to take part 
in the scheme. All volunteers had previously been instructed in basic CPR. Each 
member and nurse was allocated a number. Using a random numbers generator of 
a scientific calculator, equal proportions of nurses and lay members were assigned 
to either the two hour or the four hour course. The volunteers were then similarly 
randomly assigned to one of three days for training.
It was recognised that, since St John members are volunteers and are attending 
courses during their spare time, there may be an interest in initial training but 
diminished attendance at refresher sessions due to other commitments. Therefore 
in the initial communication to volunteers, they were informed of the dates they 
had been allocated, and it was stressed that they should only embark on the course 
if  they were able to attend on each of the allocated dates.
6.3.2 Sample Size
The null hypotheses state that there is no difference in acquisition or retention 
between the nurse and lay groups. The aim of this study is to detect any important 
differences if they exist. To be 80% certain (power) of the study reporting a 
statistically significant (p <  0.05) Chi-square test result between two groups, if  
25% differences in acquisition/retention exist, the number of subjects required in 
each group is approximately 60.
Therefore it was planned that the volunteers would comprise 60 nurses, 60 lay 
members, and 30 from each group would be randomly allocated to the four hour, 
and 30 to the two hour course. '
6.3.3 M aterials
The volunteers were trained to use the Laerdal "Heartstart 2000" AED (See 
Appendices 3.1 and 6.1 for description of the device). Cardiac arrest was 
simulated during training sessions using Laerdal "Resusci Anne" manikins, and the 
Laerdal "Minisim" ECG rhythm simulator.
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6.3.4 Organisation Of Training Sessions
Three days (one Saturday and two Sundays), during one month were set aside for 
training. Four hour training was carried out in the morning and two hour training 
in the afternoon. Equal proportions of lay members and nurses were booked onto 
each course.
The researcher was present on all training days and performed all lectures and 
demonstrations. Eight instructors and three assessors took part. Four instructors 
attended on each day. The same instructors led small group practical sessions for 
both the four hour and the two hour course on each of the training days.
One assessor for each day was appointed, who assessed both the two hour and the 
four hour course. The assessors attended for the assessment sessions only, and 
were not aware of whether the candidates had received the two or the four hour 
course, or which of the candidates were lay members and which were nurses.
The dates of the training and assessment sessions were fixed, and instructors and 
assessors were asked to volunteer for a set of three dates (one training, and two 
assessment sessions for the same set of candidates). This occurred before 
allocation of candidates to training days.
Each course included 18-20 people, with one instructor to every six students, plus 
the researcher. Recommendations on size of courses and instructor/student ratio 
were taken from the American Heart Association guidelines for training in 
automated defibrillation (American Heart Association 1990 Chapter 20).
6.3.5 Training
Basic information and the course timetable was sent to all students one week 
before the course (Appendix 6.1). The contents of the two and four hour training 
programmes are described in Appendix 6.2. The same teaching methods were used 
in both two and four hour training programmes, a combination of verbal 
explanation, visual aids and small group practical sessions, led by an instructor.
Roughly half as much time was spent on each of the lectures, demonstrations and 
practical sessions on the two hour course. The content of lectures and
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demonstrations was simplified on the two hour course, time was saved by 
spending less time on question and answers following lectures and demonstrations, 
and protocols were presented more quickly. Timings varied slightly from course to 
course, dependant on the amount of student participation and the pace of the 
instructors leading practical sessions. However, each course finished in the allotted 
time of two or four hours.
Lectures consisted of information about cardiac arrest and treatment of ventricular 
fibrillation, factors contributing to survival from out-of-hospital cardiac arrest, the 
importance of speed of administration of basic CPR and defibrillation. The AED 
and the protocol were demonstrated. Three basic scenarios were taught: one 
applied to the patient for whom no shocks are advised; one for a patient in 
persistent ventricular fibrillation for whom numerous shocks are advised; and one 
for a patient where a mixture of no shock and shock advised messages are given. 
The protocol taught was basically the same as those published by the American 
Heart Association (American Heart Association 1990), see Appendix 6.3.
The students were given the opportunity to practice the three basic scenarios 
during small group (six - seven people) sessions.
Volunteers were given a package of information after completion of the course 
(Appendix 6.4). Candidates did not have access to AED's following training. This 
is because, firstly, if defibrillators should become standard use in St John, it is 
unlikely that members will have regular access to them. It is appropriate to 
investigate retention of skills in volunteers who do not have the advantage of 
regular practice. Secondly, if the AED's were, for any reason, more accessible to 
some members than to others, this might have confounded the study.
6.3.6 Basic CPR
All candidates had previous knowledge of basic CPR. During the course, 
candidates were expected to demonstrate correct verification of cardiac arrest, that 
is, to check for responsiveness, open the airway, check for breathing, and check 
the pulse correctly. Students were refreshed in these aspects during the course as 
necessary. No formal instruction in any other aspect of basic CPR was given.
2 3 7
6.3.7 Assessment
All candidates were assessed immediately following training and before their 
refresher course at three and six months. Performance was assessed using an 
objective based scoring system, which was designed in an attempt to prevent 
subjective differences in marking (Figure 6.1). The assessment included 
performance of the standard scenario, and verbal questions and answers.
Candidates were taken into a room where basic CPR (using a manikin) was in 
progress. The candidates were equipped with the defibrillator, and were asked to 
demonstrate what they would do in this situation.
The testing session included four people: an independent assessor, the candidate, 
the researcher, and an instructor acting the role of a non-defibrillation trained 
volunteer. The role of this person was to provide basic CPR at the candidates 
request, while the candidate operated the defibrillator. The candidates ability to 
perform basic CPR, other than to demonstrate correct verification of cardiac arrest 
was not assessed.
The role of the researcher at the assessments was to operate the ECG rhythm 
simulator, make relevant timings, and intervene appropriately when candidates 
deviated from the protocol. The purpose of the researcher being present was to 
maintain as much similarity as possible between assessments held on different days 
in the presence of different assessors.
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FIGURE 6.1
C OURSE A SSESSM EN T
1 Attempts to rouse patient
2 Checks airway/breathing
3 Checks pulse correctly
4 Instructs colleague to recommence CPR
5 Removes clothing
6 Locates pads
7 Removes from packet
8 Attaches electrodes
9 Demonstrates appropriate site of application 
of electrodes
10 Attaches white to sternum and red to apex
11 Instructs colleague to stop CPR
12 P resses analyse (Shock advised)
13 Instructs bystanders to stand clear
14 Defibrillates patient
15 Time taken (secs)
16 P resses analyse (No Shock advised)
17 Checks pulse
18 Unable to locate pulse
19 Instructs colleague to recommence CPR
20 (Machine prompts "check patient") candidate 
responds by instructing colleague to stop CPR
21 P resses analyse
22 Instructs bystanders to stand clear
23 Defibrillates patient
24 P resses analyse (No Shock advised)
25 Checks pulse
26 Locates pulse
27 Checks breathing
28 Continues ventilation
29 Transport
Y es No
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
□ □
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FIGURE 6.1 (Continued)
Q u estio n s
"You have just delivered the patient to  hospital, 
report what you have done"
30 Patient had a  cardiopulmonary arrest □ □
31 2 shocks were advised and administered □ □
32 A pulse was restored □ □
"If no shock  had been advised at the  outset, what would you f
Checked the pulse □ □
34 Recommended CPR for 2 minutes □ □
35 Re-analysed the ECG □ □
"If no shock w as advised for a second  time what would you do th en ? '
36 Transport to hospital O  O
"Why might the  prompt check e lec todes ' occur?"
37 Faulty connections O  O
38 Pads not sticking O  O
39 Patient movement Q  O
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6.3.8 Selection, Training And Assessment of Instructors
Ten individuals were selected to be instructors by the District Surgeon of St John 
in London. All were instructors in St John with experience of instructing first aid 
courses.
The instructors were given a six hour course in use of the AED. The training was 
the same as the four hour candidate training, including pre and post course 
information. Also included in the training were sessions on the role of the 
instructors in future courses, running practical sessions, and use of an ECG 
rhythm simulator.
They were assessed immediately following training by the District Surgeon, using 
the standard course assessment (described in section 6.3.8). One month later, they 
were given a two hour refresher course and a repeat assessment. All instructors 
were successful in both assessments.
Two individuals did not feel able to participate in instructing future courses. 
Therefore eight instructors were available to take part in the study.
6.3.9 Recruitm ent and Training of Assessors
Assessment of all the candidates was too great a commitment for one assessor. 
Three assessors were the minimum number required to cover the testing sessions.
Individuals were approached if they had experience in cardiopulmonary 
resuscitation, and in training and assessing performance of basic and advanced life 
support. Prior knowledge of AED's was not taken into consideration. Those able 
to commit themselves to the required dates in advance were appointed as 
assessors. Those who took part were a Resuscitation Training Officer, a 
Cardiology registrar, and a Consultant in Accident and Emergency Medicine. The 
assessors were not involved in the organisation of the project, and were not told 
which courses the candidates had attended, or the occupation of the candidates 
they assessed.
The assessors were required to watch the candidates performing the standard 
scenario and mark their responses to the questions, ticking either "yes" or "no"
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appropriately. In order to acquaint the assessors with the scenario, and test the 
objectivity of the scoring system, all the assessors were asked to simultaneously 
assess the performance of the scenario by the 10 instructors, following their 
refresher course. The assessments were then compared. There was agreement in 
the majority of the stages of the scenario, apart from checking the pulse, and 
demonstrating the site of application of the electrodes. Two of the verbal 
questions resulted in discordant marking. If each correctly performed stage of the 
scenario and each correct verbal answer were scored as one point, there were 
maximum differences in score of plus or minus two points between assessors. One 
assessor was found to be more lenient and another a more stringent marker.
The results were discussed with the assessors. The score sheet was adapted to 
increase objectivity. It was decided that pulse checks should be of five seconds 
duration to score a "yes" answer. Discordance in assessing whether the appropriate 
site of electrodes had been chosen was due to one assessor not being in a good 
position to see the candidate's demonstration. The difficulties with the questions 
were rectified by omitting one of the questions, and breaking down one question 
into two more precise questions to arrive at the final version of the assessment 
(Figure 6.1).
It was recognized that although there was agreement between the assessors in the 
majority of the stages of the scenario, the candidates who had been assessed had 
made very few mistakes. It was not known whether there would have been as 
much agreement in marking if there had been more deviations from the protocol. 
It was therefore decided that to gain an accurate impression of retention of skill 
over six months, individuals should be assessed throughout by the same assessor. 
Similarly, to assess the difference between two and four hour courses, and nurses 
and lay members all assessors should mark one of each type of course, with equal 
proportions of nurses and lay members.
6.3.10 Pilot Training Programmes
Two, two hour courses and one four hour course were held as pilot courses, using 
candidates who had not been randomly selected for the study. The purpose of 
these courses was to detect any unforeseen problems and for the researcher and 
instructors to become familiar with, and standardise the information they gave.
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Problems which occurred included an inappropriately long time spent by 
instructors in practical groups on perfecting basic CPR, rather than concentrating 
on use of the defibrillator. Consequently, practical sessions ran over the allocated 
time. Instructors were advised against this, and during the actual trial, this did not 
occur.
It was noted that less confident students were continuing to practice the scenarios 
while waiting for their course assessment, after the end of the course, while more 
confident students opted, or were selected by the instructor to be assessed first. 
This was remedied by students being issued with a number as they arrived at the 
course, and they were assessed in numerical order. After the two or four hours of 
the course were completed, further practice was not allowed.
The American Heart Association advise that the course assessment be circulated to 
the candidates in their pre-course information, but following the pilot training 
programmes this was not done. It was felt that candidates were preoccupied with 
learning the scenario in order to perform well in the assessment, rather than 
learning the principles of using the AED. For example, this scenario involves 
carrying out basic CPR for a short period after no shock is advised, until the 
machine prompt, "check patient" indicates that the ECG has changed to ventricular 
fibrillation, and the operator is required to initiate ECG analysis. Some of the 
candidates re-analysed before the prompt, presumably because they knew that was 
the next stage in the scenario. For candidates involved in the actual study, the 
assessment was not included in the pre-course information.
During course assessments, assessors found it difficult to give an accurate account 
of the performance, using the score sheet, of candidates who deviated from the 
protocol. It was therefore decided that the researcher should be present during 
assessments to intervene if necessary. For example, if the candidate failed to find a 
pulse which was actually present, he/she was told that "if there was a pulse, what 
action would you take?" Therefore the candidate would be marked as being unable 
to detect a pulse, but would still have the chance to demonstrate whether he/she 
could successfully manage the subsequent stages of the scenario.
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6.3.11 Refresher Sessions
Following initial training and assessment, volunteers were not allocated a pass or 
fail grade, as it was felt that this may discourage less successful candidates from 
attending further sessions.
Each candidate was sent a letter two weeks prior to refresher sessions as a 
reminder. Candidates were given a specific time to attend, (two candidates per 
quarter hour were booked), and were asked to confirm that they would be 
attending. Those who did not confirm were contacted, and times of appointments 
were changed if necessary.
The candidates were not aware that they would be tested at the beginning of the 
three month refresher session. On arrival, the candidates were given the 
opportunity to carry out a "pre-shift check" of the AED for 10-15 minutes, but 
were asked not to look at their course notes. They were then assessed using the 
standard assessment scenario (figure 6.1).
Following assessment, the candidates attended a refresher session with one of the 
instructors. The instructors were required to identify and correct mistakes made 
during the assessment, ask questions, practice different scenarios, and try to 
increase the speed with which the first shock was delivered. The session lasted one 
hour for each candidate.
During the refresher session, steps were taken to ensure there was no collusion 
between those who had been tested and those who had not. Collusion was 
minimised by the "appointment system" of attendance at the sessions.
The six month refresher session was organised as for the three month session. 
Again, letters were sent out two to three weeks prior to the course.
6.3.12 Non Attenders
Candidates who failed to attend were contacted immediately following the course. 
An alternative date was arranged within a week of non-attendance for those who 
wished to continue. Volunteers were contacted and invited to attend the six month 
refresher session, whether or not they had attended the three month session.
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6.3.13 Criteria Used In Analysis Of Results
The practical and oral elements of the assessment (Figure 6.1) included all the 
skills required to operate the AED and respond to the written and verbal prompts, 
manage cardiac arrest situations (according to the protocol) when shocks are 
advised, when no shocks are advised, and when a pulse is restored, troubleshoot 
problems and report what has occurred.
Three levels involving increasing levels of competence were devised in order to 
analyse the results. Established guidelines relating to performance of basic CPR 
which have been set down by the United Kingdom Resuscitation Council, and the 
limited guidelines relating to AED use which are in existence were used to aid 
definition of these levels.
Level One
The minimum performance requirement, which was categorised as a pass grade, 
was the ability to deliver a defibrillatory shock safely. In order to pass at this 
level, volunteers were required to achieve a "yes" for points one to nine, and ten 
to 14 in the assessment scenario (See Figure 6.1). These points can be broken 
down into three discreet categories:-
1. Verification of cardiac arrest and ensuring continuation of basic CPR, that is, 
points one to four ("verification")
2. Location of electrodes and cables, and correct attachment of the AED, points 
five to nine ("attachm ent")
3. Analysis of the ECG and defibrillation, points 11 to 14 ("defibrillation")
A "yes" for every point was required in order to pass each individual category.
The rationale for these criteria was as follows; guidelines for correct verification 
of cardiac arrest are stipulated by the Resuscitation Council (UK). Without 
attachment of the electrodes and activating the AED, a shock cannot be given. 
American Heart Association guidelines recommend that operators fail outright on
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grounds of poor safety if they do not clear the area before administering a 
defibrillatory shock (American Heart Association 1990). Therefore these elements 
of performance were considered the minimum skills required to deliver a shock 
safely.
Level Two
Achieving the second level of the competence required that the operator 
performed the whole of the assessment scenario as taught. To pass at this level, 
candidates were required to achieve a "yes" for all the points of the scenario 
(numbers 1 to 29). The assessment included categories which tested the candidates 
ability to respond to all the verbal and written prompts which may be given by the 
AED in a cardiac arrest situation. The scenario can be split into the following 
categories
1. Verification, as described above.
2. A ttachm ent, as described above but including point 10. Students were taught 
to attach the white electrode to the sternum and the red to the apex to avoid 
confusion, since this is the instruction given in the manufacturer's operation 
manual. However, this was not included in the minimal pass criteria, because not 
attaching the electrodes in this fashion would not prevent shock administration.
3. Defibrillation, as described above but also including points 16, and 22 to 24.
4. Correct action when no shock is advised (points 17 to 19, and 25, in the 
assessment). To be referred to as the "no shock" section. 5. Correct action when 
the machine prompt "check patient" is given (Points 20 to 21 in the assessment). 
To be referred to as the "check patient" section.
6. Correct action when a pulse is restored (points 26 to 29 in the assessment). To 
be referred to as the "pulse restored" section.
Level Three
Perfect performance, that is, "yes" for all the points of the assessment, including 
correct answers to questions, points 30-39.
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6.3.14 Justification Of Criteria Used
Deciding which of the elements of the scenario were of greater or lesser 
importance, in order to set a level of pass or fail, was awkward because the skills 
of automated defibrillation are not yet established. No recognised guidelines exist 
to aid setting a standard. A customary way of solving this problem would be to 
pool the opinions of several experts to discover a representative view of what they 
consider the important points to be, "weighting" the scores for each point in the 
assessment accordingly.
Preliminary investigations were carried out to explore this possibility. Four 
consultant cardiologists were asked their opinion on which were the important 
elements of verification of cardiac arrest, for a lay rescuer using an AED. 
Responses are shown in Table 6.2.
Table 6.2
R ater 1 2  3 4
Responsiveness x I I x
B reathing x I I x
Pulse X X I I
X =  not important I =  important
Rater one stated that since AED's are unlikely to deliver inappropriate shocks, 
verification was of limited importance for a lay rescuer, and should therefore 
receive a low weighting.
Rater two said that checking pulse was unimportant, since the pulse of an 
unconscious person may be too weak even for an expert to find. Therefore this 
stage of verification would not be useful for a lay person, but checking for 
responsiveness and breathing should be carried out.
Rater three thought that lay people should be penalised for not making an attempt 
to find the pulse, even though it might be unlikely that they would find a faint 
pulse, and should also check for breathing and responsiveness.
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Rater four felt that checking the pulse was the only important step, since patients 
in ventricular fibrillation might be taking agonal breaths, which might confuse a 
lay rescuer.
These variations in opinion are not surprising. Use of AED's by lay people is a 
new concept. Discussion between experts has yet to take place in order to arrive at 
universally accepted standards. It was concluded that attempting to weight every 
point of the scenario, or individual stages of the scenario would not be a 
worthwhile exercise. Deriving a mean score from a number of individual 
weightings representing a similar wide variation of opinions is unlikely to have 
produced a result which would represent a common, or indeed, any one 
individual's view.
The District Surgeon of St John Ambulance in London was of the opinion that 
candidates should obtain a perfect score (that is, a "yes" for all points o f the 
assessment scenario, including answers to the questions) in order to pass the 
assessment (that is, achieving level three). These rather stringent criteria were 
considered acceptable for members of St John Ambulance, since they will be 
acting in view of the public on behalf of the organisation, and it was considered 
appropriate that members using the skill on public duties should be competent in 
all aspects of the AED, reporting and trouble-shooting.
Definition of alternative levels of competence (levels one and two), in addition to 
the "perfect" level, was considered necessary in order to assess how many 
individuals could potentially use the AED to deliver an initial defibrillatory shock 
safely, and identify which aspects of the skill may be acquired or retained 
differently according to the type of candidate or length of course.
Although American Heart Association guidelines suggest that candidates fail an 
AED assessment if the shock is not delivered within 90 seconds of arrival at the 
manikin's side, this was not taken into consideration in any of the pass criteria in 
this study, although the importance of speed of shock administration was 
emphasised during the course. The reason for this was that if the candidate ensures 
that basic CPR is in progress (which was included in the minimum pass criteria), 
even if the shock was not delivered for several minutes, the patient would still 
receive the shock sooner than would otherwise be possible (that is, from a regular 
ambulance attendant or at hospital). It was decided that lay rescuers should not be
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denied permission to use an AED on the basis of time criteria alone. In the case of 
an AED operator with no assistance, who would be responsible for basic CPR and 
AED operation, speed is of more importance. Even in this situation, the question 
of what is unacceptably slow is difficult to answer.
6.4 STATISTICAL ANALYSIS O F RESULTS
In all comparisons, categorical variables, that is nurse/lay, two hour/four hour 
course, gender, pass/fail, and age (when treated as a categorical variable), were 
compared between groups using the Chi-square test. Continuous variables were 
first tested for Normality using the Kolmogorov-Smimoff Goodness of Fit test. 
Where Normally distributed, comparisons were made using the t-test, and where 
not Normally distributed, the Mann-Whitney U test was used.
Statistical analysis of categorical variables was not performed in cases where cell 
counts in two or more of the cells in the crosstabulation was less than five. In the 
case of continuous variables, statistical analysis was not performed where the 
number of subjects in either group was less than ten. Since the number of subjects 
in the study was small, confidence limits would in general, be wide and would 
therefore contribute little to the description of the data. For this reason, confidence 
intervals have not been quoted.
Experimental groups were analysed at training, three month and six month 
assessments in the following ways:-
Com parison O f Experim ental Groups
Larger numbers of candidates would have allowed randomisation of candidates 
according to several criteria. Having stratified for lay volunteers and nurses, the 
two and four hour courses were allocated at random between these two groups. 
Courses were not stratified according to age and gender. Chi-square analysis was 
used to ensure that the groups were in fact similar with respect to number of 
nurses, lay people, length of course, gender and age.
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Com parison O f Perform ance In Individual Groups
The percentage of people passing or failing at each of the three specified levels of 
competence was compared between nurses and lay people, and two and four hour 
course, using Chi-square. The mean age of people passing or failing was 
compared using the t-test.
Variables were then investigated in combination using log linear models (Dixon 
1990). Log linear models were fitted to the crosstabulated counts of the four 
variables pass/fail, nurse/lay, 2 hour/4 hour course, and age of less than or equal 
to 31 years and over 31 years, for each of the assessment levels. The purpose of 
log linear models is to allow for the effect of confounding factors which may be 
influencing the association between explanatory variables and the outcome 
variable.
Within the log linear models, terms representing interactions between variables 
(eg, between age, pass/fail and length of course, or age and pass/fail,) were 
omitted in a step-wise fashion considering in turn three-way and then two-way 
interactions, deleting the term at each stage which contributed least to the 
Goodness of Fit of the model. The Goodness of Fit was measured by the 
likelihood ratio statistic, and the differences in this statistic between different 
models were compared with the Chi-square distribution. When only two-way 
interaction terms are found to be significant, odds ratios can be calculated from the 
multiplicative parameter estimates of the model. Confidence limits for odds ratios 
were not given by the statistical package used to perform log linear modelling, 
therefore odds ratios are only presented when multiplicative parameter estimates 
are significantly different from one.
The two age bands (less than or equal to, and greater than 31 years) were chosen 
to include approximately one half of the volunteers in each band. This was done to 
avoid unacceptably small counts in some of the cells of the multi-way table, which 
would have diminished the credibility of the test. Notwithstanding, where 
variables are investigated in combination, the results should be viewed with some 
caution since some small cell counts are inevitable in a study of this size.
Candidates who passed at each level were then compared for the mean speed with 
which shocks were administered using the t-test. The relationship between time to
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shock administration and age of the candidate was investigated by regression 
analysis.
Analysis using log linear models was performed using the BMDP statistical 
package, all other analyses were carried out using the SPSS^ statistical package. 
Both applications were accessed via the University of London Mainframe 
computer. In all analyses, a p value of less than or equal to 0.05 was regarded as a 
statistically significant indication of association.
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6.5 LIM ITATIONS OF STUDY
6.5.1 Design of Study
Limited classroom space, and limited availability of instructors, assessors and 
candidates all contributed to practical problems in designing the study. An ideal 
design would have been to hold all courses at the same time during the week, with 
the same four instructors and one independent assessor.
There was insufficient time during weekday evenings to hold a four hour course. 
Therefore all courses were held at the weekend. The difficulties of this 
arrangement were that for the nursing staff, shifts at the weekend are difficult to 
change. Nurses were therefore more difficult to recruit. For all members there was 
some conflict with the frequent St John Ambulance duties occurring at the 
weekend.
The time commitment was too great for four instructors and one assessor to 
instruct and assess all of the courses. Similarly, classroom space was not available 
on the appropriate days to carry out one course per weekend, with subsequent 
retraining days three and six months later.
Therefore carrying out two courses per day, reducing the number of weekends for 
which classrooms had to be booked and instructors and assessors were required to 
commit themselves, and also ensuring uniformity of instructors and assessor for 
each unit of one two hour and one four hour course, was the method of choice. A 
drawback with this method was that fewer dates were available for the candidates, 
and there were problems recruiting the required numbers of people for each 
course.
Consequently, randomization of candidates to the various courses did not always 
fit in with individual commitments, and some reallocation of dates and courses 
was necessary. However, as candidates themselves were not aware that the courses 
were different in length, assessor or instructors, they were not requesting to 
change dates in order to attend a particular course. There is no reason to believe 
that any selection process took place to achieve the final allocation of members to 
courses, which would have affected the outcome of the study.
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Four hour courses took place in the morning whereas two hour courses were in the 
afternoon. This may have resulted in a difference in performance related to the 
time of day rather than, or as well as course length. There were three, four hour, 
and three, two hour courses. Had there been an even number of courses, holding 
two of each type of course in the afternoon and two in the morning would have 
controlled for any effect of time of day. The size of the sample of candidates 
precludes meaningful comparison of individual two and four hour courses. 
Therefore, if one third of the two, and one third of the four hour course candidates 
had received training at a different time of day, any statements regarding the 
possible effect of time of day and length of course would have been confusing. 
From the results shown it will be possible to compare the courses, adding the 
proviso that time of day might have been influential.
6.5.2 Assessors
The assessors were dissimilar in terms of professional standing and one of the 
assessors was aware of the comparisons which were being made in the study, 
although was not involved in its organisation. This may have resulted in greater 
differences in marking between assessors than if they had been similar in 
characteristics and all totally independent of the study. It was planned that the 
objective nature of the assessment would minimise any differences in marking 
between the three assessors.
The advantages of the assessors who were eventually recruited in terms of ability, 
reliability and commitment to the study outweighed the advantages of having 
similar, totally independent assessors, but of unknown ability, who might also 
have been less reliable. In addition to the potential disadvantages of unknown 
assessors, recruitment of any assessor, regardless of suitability, proved difficult.
Another possible confounding factor exists in that individual assessors may have 
assessed candidates differently between three monthly assessment sessions. To 
investigate this, two video recordings were made showing one of the instructors 
performing the assessment scenario. In each recording, deliberate mistakes were 
made as follows:-
Scenario I:- Failed to recommence CPR (Point 19) following "No shock 
advised"; answered "No shock advised" question incorrectly (this candidate would
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have been successful at Level 1, but failed Level 2, as a result of failing the "No 
Shock" section).
Scenario 2:- Failed to open the airway, checked the pulse for less than five 
seconds; failed to say "Stand Clear" (Point 13); failed to recommence CPR 
following "No shock advised"; answered the "Check electrodes" question 
incorrectly (this candidate would have failed at level one).
The assessors were asked to watch the video and mark the two performances using 
the score sheet. Three months later, the exercise was repeated, and the two 
assessments of each performance by the same assessor were compared. For each 
assessor, the performance level achieved (level one, or failed) was the same on 
both occasions, but there were some discrepancies at individual points.
The "Day One" assessor gave a "no" mark for pulse check on the first assessment 
of scenario two, but gave a "yes" mark on the second assessment. The "Day One" 
assessor also gave a "yes" mark for point 13 (stand clear) on the first assessment 
of scenario 2, but gave a "no" mark on the second viewing.
The "Day Two" assessor also gave a "no" mark for pulse check on the first 
assessment of scenario two, but gave a "yes" mark on the second assessment. The 
"Day Three" assessor made a note that the electrodes were not ideally placed on 
the first assessment of scenario one (although gave a "yes" mark), but did not do 
so on the second assessment of the same scenario.
Therefore, although the performance levels in the two scenarios assessed were the 
same at each assessment, these findings indicate that there was some variation in 
the assessment of performance by the same assessor with an interval of three 
months. Some of the variations found might have been as a result o f viewing 
performance on video, since the sound quality is poorer, and assessors are not able 
to position themselves in order to obtain the view they require. These findings also 
suggest that although the assessors themselves had suggested that pulse checks 
should be of five seconds in order to score a "yes" mark, in practice, they did not 
consistently follow this rule. In view of this, in actual assessments, candidates 
were not allowed to fail the "verification" section on the basis of a brief pulse 
check alone.
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Another possible confounding factor is, during actual assessment sessions, the 
assessors would watch the performance of approximately 15-20 candidates in one 
session. Whether assessment of candidates at the start of the session was 
"different" in some way to their assessment of candidates at the end of the session 
was not investigated.
In view of the above limitations, and since training and assessing skills of 
automated defibrillation is not yet a common practice, it was necessary that the 
researcher be present to supervise the assessments. Witnessing earlier assessments 
may have resulted in different emphases during future training programmes. Any 
influence of this could not be totally eliminated, but score sheets were not 
inspected or analysed until after all training and assessment sessions were 
completed.
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6.6 RESULTS
6.6.1 Comparison of groups
One hundred and six individuals were trained in the use of the AED. Numbers of 
nurses or lay people, two or four hour course candidates, and males or females in 
comparative groups at training were compared, results are shown in Table 6.3. 
There was a significant difference in gender ratio between the nurse and lay 
groups, with more female nurses, and more male lay members. No other 
significant differences were detected.
Figure 6.2 shows ages of individuals on the two hour compared with the four hour 
course, and Figure 6.3 shows ages of the nurses compared to the ages of the lay 
people at training, expressed graphically. There were no significant differences in 
age distribution between the nurses and lay people, and the two and four hour 
course candidates (see Appendix 6.5).
TABLE 6.3
COMPARISON OF GROUPS AT TRAINING
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Male
Fem ale
P
N urse
13 (29%) 
32 <71%) 
<0.01
Lay
38 (62%) 
23 (38%)
Male
Fem ale
P
2 H our
27 (48%) 
29 (52%) 
>0.05
4 H our
24 (48%) 
26 (52%)
N urse
Lay
P
P = chi-square
25 (45%) 
31 (55%) 
>0.05
20 (40%) 
30 (60%)
FIGURE 6.2
GRAPH TO SHOW AGES OF NURSE AND LAY VOLUNTEERS AT TRAINING
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g
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FIGURE 6.3
GRAPH TO SHOW AGES OF TWO AND FOUR HOUR COURSE CANDIDATES AT TRAINING
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6.6.2 Comparison O f Perform ance Between G roups
The results described below are presented in detail in Table 6.4.
Level One
Seventy people (66%) performed the verification, attachment, defibrillation 
sections without errors.
Level Two
Thirty nine people (37%) performed the whole scenario without errors.
Level Three
Twenty three people (22%) performed the scenario without errors and answered 
all questions correctly.
For all performance levels, there were no significant differences in proportion of 
people passing between the nurse and lay groups, the two and four hour course 
candidates, or in the male and female candidates. Age of people passing and 
failing was Normally distributed. The difference in mean age of candidates passing 
and failing was 8 years at level one, 12 years at level two and 11 years at level 
three. These age differences were significant at all performance levels.
Table 6.5 shows the proportions of nurses and lay people passing and failing in 
different age bands.
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TABLE 6.4 NUMBER OF PEOPLE PASSING IN EXPERIMENTAL GROUPS AT TRAINING
N urse
Lay
P
Level One 
P a s s  Fall
28 (62%) 
42 (69%)
17 (38%) 
19 (31%) 
> 0 .0 5
Level Two 
P a s s  Fall
14 (31%) 
25 (41%)
31 (69%) 
36 (59%) 
> 0 .0 5
Level Three 
P a s s  Fall
10 (22%) 
13 (21%)
35 (78%) 
48 (79%) 
> 0 .0 5
2 Hour 
4 Hour 
P
39 (70%) 
31 (62%)
17 (30%) 
19 (38%) 
> 0 .0 5
20 (36%) 
19 (38%)
36 (64%) 
31 (62%) 
>0.05
10 (18%) 
13 (26%)
46 (82%) 
37 (74%) 
> 0 .0 5
M ales
F em ales
P
34 (67%) 
36 (66%)
17 (33%) 
19 (34%) 
> 0 .0 5
23 (45%) 
16 (29%)
28 (55%) 
39 (71%) 
> 0 .0 5
12 (24%) 
11 (20%)
39 (76%) 
44 (80%) 
> 0 .0 5
Age (Mean%) 33 41
R an g e  18-62 20-66
p* <0.01
2 8
18-45
4 0
19-66
< 0.01
2 7
18-43
3 8
19-66
< 0 . 0 1
TABLE 6.5 COMPARISON OF PERFORMANCE IN NURSE AND LAY GROUPS IN 
DIFFERENT AGE BANDS
Level One 
P a s s  Fall
< 29 Years
N urse
Lay
P
30-39 Y ears
14 (82%) 
21 (78%)
N urse
Lay
40-49 Years
6 (60%) 
9 (82%)
N urse
Lay
>50 Years
N urse
Lay
5 (63%) 
10 (59%)
3 (30%) 
2 (32%)
3 (18%) 
6 (22%) 
> 0 .0 5
4 (40%) 
2 (18%)
3 (37%) 
7 (41%)
7 (70%) 
4 (68%)
Level Two 
P a s s  Fall
10 (59%) 
16 (59%)
3 (30%) 
5 (46%)
7(41%) 
11 (41%) 
> 0 .0 5
7 (70%) 
6 (54%)
1 (13%) 7 (87%)
4 (24%) 13 (76%)
0 10 (100%) 
0 6 (100%)
Level Three 
P a s s  Fall
9 (53%) 8 (47%)
9 (33%) 18 (67%)
> 0 .0 5
1 (10%) 
3 (27%)
9 (90%) 
8 (73%)
0 8 (100%) 
1 (6%) 16 (94%)
0 10 (100%)
0 6 (100%)
P=Chi- square P*=t- test
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6.6.3 Analysis O f Variables In Combination
Results were analysed further using log linear models to model all associations 
between the explanatory variables and the outcome variable and remove 
confounding effects.
The interaction between age and pass/fail was the only interaction which 
significantly contributed to the model at each of the three assessment levels (p <  
0.05). Tables 6.6 to 6.8 show the multi-way tables of observed values, and the 
expected values predicted using the model including the age and pass/fail 
interaction at the three levels of the assessment.
The odds of passing at level one in people age less than 31 years versus people 
aged 32 years and over were 3:1, at level two, the odds were 6:1, and at level 
three, 7:1.
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TABLE 6.6
TABLE SHOWING OBSERVED NUMBERS OF PEOPLE PASSING AT LEVEL ONE IN
EACH GROUP, AND EXPECTED VALUES USING THE MODEL OF INTERACTION
BETWEEN AGE AND PASS/ FAIL
Values = Observed (expected) number of candidates.
P a s s /  2 Hour/ N u rse / A ge A ge
Fall 4 Hour Lay <31 >31 Total
P a s s  2 N urse 10(9.2) 6 (6.5) 16 (15.7)
Lay 13 (12.5) 1 0 (8.8) 23 (21.3)
Total 23 (21.7) 16 (15.3) 39 (37)
P a s s  4 N urse 7 (8.2) 5 (5.8) 12(14) '
Lay 11(11.1) 8 (7.9) 19(19)
Total 18 (19.3) 13 (13.7) 31 (33)
Fall 2 N urse 2 (2.5) 7(5.6) 9(8.1)
Lay 3 (3.3) 5 (7.6) 8(10.9)
Total 5 (5.8) 12 (13.2) 17(19)
Fall 4 N urse 3 (2.2) 5 (5.0) 8 (7.2)
Lay 3 (3.0) 8 (6.8) 11 (9.8)
Total 6 (5.5) 13 (11.5) 19 (17)
TABLE 6.7
TABLE SHOWING OBSERVED NUMBERS OF PEOPLE PASSING AT LEVEL TWO IN
EACH GROUP, AND EXPECTED VALUES USING THE MODEL OF INTERACTION
BETWEEN AGE AND PASS/ FAIL
P a s s /  2 Hour/ N u rse / A ge A ge
Fall 4 Hour Lay <31 >31 T otal
P a s s  2 N urse 7 (6.5) 1 (2.2) 8 (8.7)
Lay 8 (8.8) 4 (3.0) 12(11.9)
Total 15 (15.3) 5 (5.3) 20 (20 .6)
P a s s  4 N urse 5 (5.8) 1 (2.0) 6 (10)
Lay 9 (7.9) 4(2.7) 13(10)
Total 14 (13.7) 5 (4.7) 19 (18.4)
Fall 2 N urse 5 (5.2) 12 (9.9) 17(15.0)
Lay 8 (7.0) 11 (10.7) 19 (20.4)
Total 13 (12.2) 23 (23.2) 36 (35.4)
Fall 4 N urse 5 (4.6) 9 (8.8) 14 (13.4)
Lay 5 (6.2) 12 (11.9) 17(18.2)
Total 10 (10 .8) 21 (20 .8) 31 (31.6)
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TABLE 6.8
TABLE SHOWING OBSERVED NUMBERS OF PEOPLE PASSING AT LEVELTHREE IN 
EACH GROUP, AND EXPECTED VALUES USING THE MODEL OF INTERACTION 
BETWEEN AGE AND PASS/ FAIL
Values = O bserved (expected ) num ber of candidates.
P a s s / 2 Hour/ N u rse / A ge A ge
Fail 4 Hour Lay <31 >31 Total
P a s s 2 N urse 5 (4.3) 0 (0.9) 5 (5.2)
Lay 3 (5.8) 2 (1.2) 5(7)
Total 8 (10 .1) 2 (2.1) 10 (12 .2)
P a s s 4 N urse 5 (3.8) 0 (0.8) 5 (4.6)
Lay 6 (5.2) 2 (1.1) 8 (6.2)
Total 11 (9.0) 2 (1.9) 13 (10.8)
Fall 2 N urse 7 (7.4) 13 (11.2) 20 (18.6)
Lay 13(10) 13 (15.2) 26 (25.2)
Total 20 (17.4) 26 (26.4) 46 (43.8)
Fall 4 N urse 5 (7.4) 10 (11.2) 15 (18.6)
Lay 8 (10) 14 (15.2) 22 (25.2)
Total 13 (15.6) 23 (23.6) 37 (39.2)
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6.6.4 Analysis Of Age As A Variable Affecting 
Performance
The percentage of people passing each level of the assessment was plotted against 
age in Figure 6.4. Proportions of people passing and failing in different age bands 
were compared. At each performance level, pass rates were significantly higher in 
the younger candidates (See Table 6.9).
6.6.5 Time To Shock Administration
The time from the arrival of the candidate in the examination room to shock 
administration (by those people who passed at each level), ranged from 52 to 122 
seconds (mean 80 seconds). Mean times to shock administration (with standard 
deviation) in each group at each level can be found in Figure 6.5.
Times to shock administration were Normally distributed. Mean times to shock 
administration between experimental groups were compared using the t-test, at 
levels one and three (where number of candidates was greater than 10). The mean 
time to shock administration was significantly faster on the four hour course 
compared to the two hour course (two hour, 87 seconds, four hour, 74 seconds). 
For other comparisons there were no significant differences in mean time to shock 
administration.
Figure 6.6 shows a plot of age against time to shock administration in those people 
who passed the assessment at level one. There was a positive correlation between 
increasing age and increasing time to shock administration (correlation coefficient 
=  +  0.4 Time to shock =  62.1 +  0.54 x age, with standard error of intercept — 
5 and standard error of slope =  0.14).
2 6 3
FIGURE 6.4 AGE OF CANDIDATES SUCCESSFUL 
AT EACH LEVEL
100
80
■5 601
40
20
■ Level 1
□ Level 2
Level 3
<20 20*29 30-39 40-49
Age group (years)
50-59 >60
TABLE 6.9
PERCENTAGE OF PEOPLE AT DIFFERENT AGES PASSING AT LEVELS ONE TWO AND 
THREE AT TRAINING
Values = num ber (%) of people
Level One Level Two Level Three
P ass Fail P a ss Fail P a ss Fail
< 29 35 (80%) 9 (20%) 26 (59%) 18 (41%) 18 (41%) 26 (59%)
Expected
values 29 15 16 28 10 35
30-39 15 (71%) 6 (29% 8 (38%) 13 (62%) 4 (19%) 17 (81%)
Expected
values 14 7 8 13 5 16
40-49 15 (60%) 10 (40%) 5 (20% 20 (80%) 1 (4%) 24 (96%)
Expected
values 17 9 9 16 5 20
>50 5 (31%) 11 (69%) 0 16(100%) 0 16(100%)
Expected
values 11 5 6 10 4 13
P <0.01 <0.01 <0.01
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FIGURE 6 5 MEDIAN TIME TO SHOCK ADMINISTRATION 
IN PEOPLE PASSING AT EACH LEVEL
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FIGURE 6.6 PLOT OF AGE AGAINST TIME TO SHOCK 
ADMINISTRATION AT TRAINING
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6.6.6 Failure At Set Levels 
Level One
Thirty six people (34%) failed level one, which included three individual sections 
(verification, attachment and defibrillation). Thirty one (85%) of these 34 people 
failed one section of level one only, 4 (12%) failed two sections and 1 person 
(3%) failed three sections.
Level Two
Thirty one people who passed level one, failed level two, which included four 
additional sections (no shock, check patient, defibrillation, pulse restored). Of 
those who failed, nineteen people (61%) failed one section, seven people (23%) 
failed two sections, and five people (16%) failed three sections.
Level Three
Sixteen people who passed level two, failed level three. Twelve (75%) people 
gave one incorrect answer, four (25%) people gave two incorrect answers.
The number of failures in each section in those people who passed level one and 
failed level two, and those who passed levels one and two and failed level three 
are shown in Table 6.10. For each section, the number of failures, the candidates' 
course and whether a nurse or lay volunteer is presented.
TABLE 6.10 2 6 6
FAILURES AT LEVEL ONE AT TRAINING
Va!ues=number (%) of people who failed
V erification A ttachm en t D efibrillation
Number of 2 8 3 1 0
fa ilu res
Nurse 2 hour 6 (21%) 0 3 (30%)
Nurse 4 hour 8 (29%) 0 2 (20%)
Lay 2 hour 5 (18%) 1 (33%) 4 (40%)
Lay 4 hour 9 (32%) 2 (67%) 1 (10%)
FAILURES AT LEVEL TWO AT TRAINING (IN PEOPLE WHO PASSED LEVEL ONE)
D efibrillation No Shock C h eck  Pulse
P a tie n t R e s to re d
Number of 5 1 3 9 24
fa ilu res
Nurse 2 hour 2 (40%) 3 (23%) 3 (33%) 7 (29%)
Nurse 4 hour 1 (20%) 4 (31%) 3 (33%) 4 (17%)
Lay 2 hour 1 (20%) 5 (39%) 3 (33%) 8 (33%)
Lay 4 hour 1 (20%) 1 (8%) 0 5 (21%)
FAILURES AT LEVEL THREE (IN PEOPLE WHO PASSED LEVEL TWO)
R eporting  No Shock Check E lectrodes
Number of 5 9 6
failures
Nurse 2 hour 1 (20%) 2 (22%) 0
Nurse 4 hour 0 1 (11%) 9
Lay 2 hour 1 (20%) 3 (33%) 5 (83%)
Lay 4 hour 3 (60%) 3 (33%) 1 (17%)
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6.6.7 Failures In Each Section
In total, 29 (27%) people failed the verification section 
4 (4%) people failed the attachm ent section 
18 (17%) people failed the defibrillation section 
27 (25%) people failed the no shock section 
18 (17%) people failed the check patient section 
4 0  (3 8 %) people failed the pulse restored section
59 (56%) people failed the questions and answers
The total number of pass and fails in each of the above sections were compared 
between experimental groups, taking into account all of the candidates, regardless 
of whether they passed at the set levels. There were no significant differences in
pass rate between two and four hour candidates, or between nurses and lay people.
Results are shown in Table 6.11.
The mean age of people passing or failing each individual section was also 
compared (see Table 6.12). In all sections, the mean age of candidates failing was 
higher than those who passed. These differences were statistically significant in all 
sections apart from "attachment" and "defibrillation". .
TABLE 6.11
TOTAL NUMBER OF PEOPLE PASSING OR FAILING EACH SECTION IN 
EXPERIMENTAL GROUPS AT TRAINING
2 6 8
Values =Number (%) Of People 
N urse Lay 2 Hour 4 Hour
V erification
P a s s
Fall
P
30 (67%) 
15 (33%)
47 (77%) 
14 (23%) 
> 0 .0 5
44 (79%) 
12 (21%)
33 (66%) 
17 (34%) 
> 0 .0 5
A ttach m en t
P a s s
Fall
P
45 (100%) 57 (93%) 54 (96%) 48 (96%)
0 4 (7%) 2 (4%) 2 (4%)
> 0 .0 5  >0.05
D efibrillation
P a s s
Fall
P
36 (80%) 52 (85%) 45 (80%) 43 (86%)
9(20%) 9(15%) 11(20% ) 7(14%)
> 0 .0 5  > 0 .0 5
No Shock
P a s s
Fail
P
31 (69%) 48 (79%) 43 (77%) 36 (72%)
14 (31%) 13 (21%) 13 (23%) 14 (28%)
> 0 .0 5  >0.05
Check Patient
P a s s
Fall
P
34 (76%) 
11 (24%)
54 (88%) 
7(12%) 
> 0 .0 5
47 (84%) 41 (82%)
9(16%) 9(18%)
> 0 .0 5
P ulse R estored
P a s s
Fall
P
27 (60%) 
18 (40%)
39 (64%) 
22 (36%) 
> 0 .0 5
32 (57%) 
24 (43%)
34 (68%) 
16 (32%) 
>0.05
Q uestions (All Correct)
P a s s
Fall
P
P = Chi-square
19 (42%) 28 (46%) 23 (41%) 24 (48%)
26 (58%) 33 (54%) 33 (59%) 26 (52%)
> 0 .0 5  > 0 .0 5
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TABLE 6.12
COMPARISON OF AGE OF VOLUNTEERS PASSING AND FAILING INDIVIDUAL 
SECTIONS AT TRAINING
Values = Age in years
P a s s
Mean (Median) 
R ange
V erification
33 (30) 
18-66
A ttach m en t
35 (32) 
18-66
D efibrillation
35 (32) 
18-62
Fall
Mean (Median)
R ange
P
41 (42) 
21-66 
< 0.01
45 (48) 
25-58 
> 0 .0 5
38 (32) 
20-66 
> 0 .0 5
P a s s
Mean (Median) 
R ange
No Shock
33 (30) 
18-66
C h eck
P a tie n t
33 (30) 
18-66
P u is e
R e s to re d
32 (29) 
18-58
Faii
Mean (Median)
R ange
P
43 (45) 
20-66 
< 0 .0 1
48 (49) 
32-66 
< 0 .0 1
42 (42) 
19-66 
< 0 . 0 1
P a s s
Mean (Median) 
R ange
Q u e s tio n s
31 (27) 
18-62
Faii
Mean (Median) 
R ange
39 (42) 
19-66 
< 0 .0 1
P=t-test
P*=Mann-Whitney U test
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6.6.8 Failure At Individual Points In The Scenario
The assessment consisted of 29 individual points (See assessment, Figure 6.1). 
Figure 6.7 shows the number of failures at individual points in the assessment
scenario.
Where more than 15% of people failed, the type of candidate failing was 
investigated. These were points VI (18% of candidates failed to check for 
responsiveness), V20 (16% of candidates either re-analysed before the command 
of "check patient" was given, or they did not respond to the command of "check 
patient"), V26 (24% could not locate the pulse) and V27 (17% did not check for 
breathing).
The characteristics of the people who failed at these points (nurse or lay person, 2 
or 4 hour course) can be found in Figure 6.8.
6.6.9 Comparison O f Different Days O f Training
Chi-square analysis was used to compare the candidates attending each of the three 
training days. There were no significant differences between training days in 
proportion of nurses or lay people, two and four hour course candidates, or age of 
the candidates attending. Figures can be found in Table 6.13.
Pass rates at levels one, two and three were compared for each of the training 
days. No significant differences were found (see Table 6.14).
The number of candidates passing and failing individual sections of the assessment 
was compared for each of the training days. No significant differences were found 
(see Table 6.15).
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TABLE 6.13 COMPARISON OF GROUPS ATTENDING ON EACH TRAINING DAY
Values = Number Of People (%)
N u rse
Lay
P >0.05
2 Hour 
4 Hour 
P >0.05
Age <29 
Age 30-39 
Age 40-49 
Age >50 
P >0.05
Day One
18 (50%) 
18 (50%)
19 (53%) 
17 (47%)
14 (39%) 
10 (28%) 
5(14% ) 
7 (19%)
Day Two
14 (40%) 
21 (80%)
18 (51%) 
17 (49%)
17 (49%)
6 (17%)
7 (20%) 
5 (14%)
Day Three
13 (37%) 
22 (63%)
19 (54%) 
16 (46%)
13 (37%) 
5 (14%) 
13 (37%) 
4(12% )
TABLE 6.14 PASS RATES FOR EACH TRAINING DAY
Day One Day Two Day Three
Level One
P a s s
Fall
P >0.05
21 (58%) 
15 (42%)
26 (74%) 
9 (26%)
23 (66%) 
12 (34%)
Level Two
P a s s
Fall
P >0.05
11 (31%) 
25 (69%)
12 (34%) 
23 (66%)
16 (46%) 
19 (54%)
Level Three
P a s s
Fall
P >0.05
6 (17%) 
30 (83%)
9 (26%) 
26 (74%)
8 (23%) 
27 (77%)
P=Chi-Square
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TABLE 6.15
TOTAL NUMBER OF PEOPLE PASSING OR FAILING EACH SECTION ON EACH 
DAY AT TRAINING
Values =Number (%) Of People
V erification
Day Day Day
1 2 3
P a s s  27 (75%) 25 (71%) 25 (71%)
Fall 9 (25%) 10 (29%) 10 (29%)
P >0.05
A ttach m en t
P a s s  33 (92%) 35 (100%) 34 (97%)
Fall - 3 (8%) 0 (0%) 1 (3%)
P >0.05
D efibrillation
P a s s  28 (78%) 27 (77%) 33 (94%)
Fall 8 (22%) 8 (23%) 2 (6%)
P >0.05
No Shock
P a s s  27 (75%) 26 (74%) 26 (74%)
Fall 9 (25%) 9 (26%) 9 (26%)
P >0.05
Check Patient
P a s s  27 (75%) 32 (91%) 29 (83%)
Fall 9(25% ) 3(9%) 6(17%)
P >0.05
Pulse R estored
P a s s  22 (61%) 22 (63%) 22 (63%)
Fall 14 (39%) 13 (37%) 12 (37%)
P >0.05
O uestlons (All Correct%)
P a s s  14 (39%) 20 (57%) 13 (37%)
Fall 39 (61%) 15 (43%) 22 (63%)
P >0.05
P = Chi-square
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6.7 DISCUSSION
The discussion to Chapter Six will concern the acquisition of skills at training.
6.7.1 Balance O f The G roups
Due to the nature of the sample selection and allocation of courses, the ratio of 
two and four hour courses was similar in the nurse and lay group. The 
male/female ratio of the nurses and non-nurses was not comparable. In the nurse 
group, the proportion of men to women was 29% to 71%, compared with 62% to 
38% in the lay group.
Although the effect of gender may have an influence over the ability to use an 
AED, it is not possible with this size of sample to separate any effect from the 
effect of being a nurse or lay person: In terms of practical information for St John 
Ambulance, the inability to demonstrate whether or not gender has any effect on 
acquisition or retention of AED skills is of little importance. Firstly, it is unlikely 
that restriction of AED training to either men or women would be adopted as a 
policy, regardless of whether there was a difference in ability between the two. 
Secondly, the sample of lay people and nurses studied are representative of the 
population of interest. If all trained nurses in St John Ambulance are considered, 
the proportion of men to women (18% men and 82% women) is similar to that of 
the study sample. It is difficult to make a reliable estimate of the ratio of male to 
female lay members, because of the constant changes in membership and the size 
of the organisation. What is relevant is that male and female lay members had an 
equal opportunity to volunteer, but the sample who did volunteer were largely 
men. Defibrillation training is unlikely to become mandatory in St John 
Ambulance in the foreseeable future, therefore the people who will be trained will 
be those who volunteer. For these reasons, in addition to the variables of gender 
and nurse/lay being inextricably linked, the male/female comparison will not be 
further investigated.
As the candidates were randomised to either the two or the four hour course, it is 
not surprising that the courses were very similar with respect to age. Some 
differences in age between the nurse and lay groups were apparent (see Table 6.4). 
There was a higher proportion of over fifty year olds (22% versus 10%), and a
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lower proportion of under 29 year olds (38% versus 44%) in the nurse group 
compared to the lay group.
6.7.2 Individual Variables And Perform ance
When individual variables were considered separately, there were no differences in 
performance with respect to nurse or lay person or length of course at levels one, 
two or three. The difference in performance with respect to age was highly 
significant at all levels.
Non-significant differences were evident. For example, at level one, 8% more 
people passed who had taken the 2 hour course, and 7% more lay people passed 
than nurses. At level two, differences in pass rates between the nurses and the lay 
people (10% more in the lay people), were wider than at level one. These 
differences were less at level three (1% difference in proportion of nurses and lay 
people passing). Those people who passed level two but failed level three did so 
because they did not answer the questions correctly, indicating a poorer ability to 
answer questions among the lay people than the nurses in these groups. At this 
level, a difference in pass rate between the two and four hour course candidates 
was evident (8% higher pass rate on the four hour course).
6.7.3 Combined Variables And Perform ance
Analysis of the variables individually gives an idea of the effect of the variables of 
interest on the results obtained. This does not exclude the possibility that 
interactions between two or more of the explanatory variables might also have 
contributed to produce the observations made, for example, the lay people who 
attended the longer course might have been more successful than those on the 
shorter course.
Log linear model analysis demonstrated that interactions between any of the 
variables other than between age and pass/fail did not contribute significantly to 
produce the results obtained. The values predicted (expected) using the model 
which includes the interaction between age and pass/fail were not significantly 
different from those observed.
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This result suggests, firstly, that age is the only variable which is associated with 
differences in performance at all of the set levels. Secondly, variables not shown 
to be associated with differences in performance when considered separately, are 
not associated with performance when combined with other variables. Finally, 
since no interactions between age of greater or less than 31 years, nurse/lay or 2 
hour/4 hour course were found, this confirms that there were no significant 
imbalances in any of these variables across the other two.
6.7.4 Age And Perform ance
These results indicate that age is the most important variable which affects 
acquisition of the skill, but does not describe the relationship between age and 
passing and failing in detail, since only two age bands, under and over 31 were 
used. With increasing performance levels, the odds against older people (over 31 
years) passing compared with younger people increase.
Figure 6.4 shows a steady decline in the pass rates at all three levels as age 
increases. Crosstabulation of pass/fail counts using four age bands (Table 6.9), 
showed a decline in ability with increasing age at all performance levels, and also 
shows how these differences are accounted for. At level one, pass rates were better 
than expected (using overall pass rate to predict the expected value) in the under 
29 year age band, between 30 and 49 years, pass rates were more or less as 
expected, pass rates were lower than expected in candidates over fifty years old. 
At levels two and three, again pass rates were better than expected in those under 
29 years, as expected in 30 to 39 year olds, and at these levels, lower than 
expected in those people over forty as well as those over fifty.
Therefore, people over forty are less able to fulfil the more stringent pass/fail 
criteria (levels two and three). People over fifty are also less likely to fulfil the 
minimum pass/fail criteria (level one). Given these findings, and that the 
imbalances with respect to age between the nurse and lay groups occurred in the 
"critical" age bands, pass rates were compared between the nurse and lay groups 
within different age bands. This comparison showed similar pass rates between the 
nurse and lay groups in each band, with the nurses performing slightly better at 
level three in the under 29 year group than the lay people (Table 6.5).
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In view of these findings it would have been pertinent to repeat the log linear 
model analysis changing the age cut-off to under 29 years and over 50 years, but 
cell counts were too small in the over fifty year olds to do this.
6.7.5 Individual Stages O f The Assessment
The assessment was made up of individual stages. Previous reports, referred to in 
the Literature Review do not attempt to describe exactly why those people who do 
not initially attain a satisfactory level of competence using an AED fail to do so.
The nature of the assessment dictated that failure in one section would result in 
failure at one of the three performance levels. Although the size of the sample 
does not allow detailed analysis, breaking the results down further demonstrated 
that failure in particular sections (which resulted in failure at the set performance 
levels) was not exclusive to any group.
Similarly, when considering all the candidates, whether or not they passed or 
failed at the set levels, the mean age of people failing each section was higher than 
those who passed, but differences between the nurse and lay or two and four hour 
groups in proportion of people passing or failing individual sections did not reach 
statistical significance.
The proportion of lay people passing all of the sections apart from "attachment" 
(in which total number of failures was very small) was slightly higher than in the 
nurses (between 4% and 13%). Poorer performance by the nurses is not as 
strongly reflected in their overall success rate at the specified performance levels. 
The most likely cause of the observed poorer performance among the nurses, 
again, is the higher proportion of nurses in the over 50 year age group than there 
were lay people, and a slightly higher proportion of lay people in the under 30 
year old age group.
The majority of people who failed at the set performance levels did so because 
they failed the "verification" or "pulse restored" sections - these are aspects of 
basic CPR. The most common reasons for failing these sections were arguably 
trivial; such as not checking for responsiveness of the patient or failing to check 
for breathing, these errors were not exclusive to any group. Fewer mistakes were 
made in using the AED, even though the candidates were more familiar with basic
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CPR, and the relevant skills of basic CPR had been refreshed during the AED 
course. Possibly the candidates were more interested in learning the new skill and 
paid less attention to the basic CPR aspects, or alternatively, the instructors gave 
less emphasis to basic CPR because they felt the candidates should already be 
proficient.
Basic CPR is a difficult skill to retain, a fact which has been demonstrated in 
numerous studies (Weaver and Ramirez et al 1979). Another explanation for the 
results is that acquisition, and possibly retention of AED skills is easier than 
acquisition and retention of basic CPR skills. This theory is supported by a study 
which involved teaching family members to use an AED and to perform basic 
CPR (Swenson and Hill et al 1987, presented in abstract form). Performance in 
both was deemed "adequate" or "inadequate" in assessments at training, and at 
one, six and twelve months. Acquisition and retention of AED skills at each stage 
was better than acquisition and retention of CPR skills.
These results suggest that if less stringent criteria for pass or fail had been used, a 
greater number of people would have passed the assessment, but comparison of the 
nurse and lay, and two and four hour course groups would have shown similar 
results.
6.7.6 Time To Shock Adm inistration
Although time to shock administration was not included in the pass/fail criteria, 
from the point of view of St John Ambulance, it could be argued that if rescuers 
are slow and unsure in using the AED, this might delay transport of the patient to 
hospital, and give an impression of inefficiency to onlookers. The results show 
that this is unlikely to be the case. Times to shock administration in people who 
passed the assessment were all within 122 seconds (mean 80 seconds) There was a 
weak correlation (+ 0 .4) between age and time to shock administration. A strong 
correlation is not expected since fewer people in the older age groups passed the 
assessment.
6.7.7 Comparison Between Different Training Days
There were three training days, each with a four hour and two hour course. The 
candidates were randomly allocated to each study day, but some alterations were
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unavoidable. Different instructors taught, and a different assessor examined the 
candidates attending each day. Therefore some differences are likely. The object 
of this comparison was to show that major differences in the type of candidates 
attending, or level of performance achieved were not evident between days.
There was a slightly higher proportion of nurses on day one, a higher proportion 
of under 29 year olds on day two, and a higher proportion of over fifty year olds 
on day one. There were differences in pass and fail at each of the three assessment 
levels between days (the greatest difference being 16% between day one and day 
two at level one). These differences would only important if large enough to 
confound the major comparisons between the nurse and lay groups and the two 
and four hour groups. Given that none of these differences reached statistical 
significance, this was not considered to be the case.
6.8 SUMMARY OF CHAPTER SIX
Immediately following training, the only variable of those investigated which had 
a statistically significant effect on the ability of St John volunteers to acquire the 
skills of AED use, and follow a set protocol, in groups of this size, was age of the 
volunteer. Older candidates were more likely to fail at each of the set performance 
levels, and in individual sections. Time to shock administration also increased with 
increasing age of the candidate.
In the candidates who volunteered to take part in the study, there were no 
differences in acquisition of AED skills between St John volunteers who had been 
given a two hour course compared with those who had been given a four hour 
course, or nurse and lay members.
Two factors reduce the reliability of the findings; there was a different distribution 
of age between the nurse and lay candidates, with slightly more nurses than lay 
people over the age of fifty and fewer nurses under the age of 29 years. Secondly, 
a larger number of candidates would have increased the sensitivity of the study 
with respect to the smaller differences in performance at levels one to three, and in 
the individual sections described above.
The implications of these findings will be presented in the final discussion to Part 
Three, in Chapter Ten.
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CHAPTER SEVEN
PERFORMANCE THREE MONTHS 
FOLLOWING TRAINING
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7.1 RESULTS O F TH E TH R EE M ONTH ASSESSMENT
Ninety three (88%) of the original 106 people who attended the initial training 
session attended the three month assessment.
7.1.1 Com parison O f Groups
There were no significant differences in proportion of nurses or lay people or two 
or four hour course candidates at three months. There was a significantly higher 
proportion of females in the nurse group (see Table 7.1).
Age comparisons are shown graphically in figures 7.1 and 7.2. There were no 
significant differences in age distribution between the two and four hour course 
candidates, or between the nurses and the lay candidates (p >  0.05, See Appendix 
7.1).
7.1.2 Non Attenders
Table 7.2 shows course attendance in the comparative groups at three months. 
Non-attendance was more common among the nurses and the two hour candidates. 
There were no significant differences in characteristics of the attenders and non- 
attenders at three months with respect to length of course, nurse or lay person, 
age, day of training or performance at training.
Reasons Given For Non Attendance
No reason offered =  3
Work commitments =  4
Left St John =  2
Illness =  2
Did not want to continue course =  2 
Total 13
TABLE 7.1
COMPARISON OF GROUPS AT THREE MONTHS
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N urse Lay
Male 10(28% ) 35 (61%)
Fem ale 26 (72%) 22 (39%)
P <0.01
2 Hour 4 Hour
Male 4 (51%) 21 (46%)
Fem ale 23 (49%) 25 (54%)
P >0.05
N urse 19(40% ) 17(37% )
Lay 28 (60%) 29 (63%)
P
P = chi-square
>0.05
FIGURE 7.1
AGE OF NURSE AND LAY CANDIDATES ATTENDING THREE MONTH 
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FIGURE 7.2
AGE OF CANDIDATES ON TWO AND FOUR HOUR COURSE ATTENDING 
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TABLE 7.2
COMPARISON OF ATTENDANCE IN EXPERIMENTAL GROUPS 
AT THREE MONTHS
Values = Number (%) of candidates
Two Hour 
Four Hour 
P >0.05
A tte n d e rs
47 (84%)
46 (92%)
N o n -A tten d e rs
9 (16%)
4 (8%)
N u rse
Lay
P >0.05
36 (80%) 
57 (93%)
9 (20%) 
4 (7%)
P ass*
Fall*
P >0.05
62 (67%) 
31 (62%)
8 (33%) 
5 (38%)
Age <29 
Age 30-39 
Age 40-49 
Age >50 
P > 0 .0 5
39 (89%) 
17 (81%) 
22 (88%) 
15 (94%)
5(11%) 
4 (19%) 
3 (12%) 
1 (6%)
Day One 
Day Two 
Day Three 
P >0.05
31 (86%) 
30 (86%)
32 (91%)
5 (14%) 
5 (14%) 
3 (9%)
P= Chi-square
*Pass/Fail Level One At Training
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7.1.3 Com parison O f Perform ance Between Groups 
The following results are shown in Table 7.3 
Level One
Forty one people (44%) were successful at level one at three months. A higher 
proportion of nurses were successful at levels two and three. There were no 
significant differences in pass rate between experimental groups of nurse and lay 
candidates, and two and four hour course candidates. There was a significant 
difference in mean age of candidates passing and failing, in those who passed the 
mean age was 31 years compared to 39 years in those who failed.
The pass rates at level one were compared between the nurse and lay groups, 
stratified into age bands, shown in Table 7.4.
Levels Two And Three
All of those people (8, or 9%) who passed at level two also passed at level three. 
The characteristics of those people who passed at these levels are shown in Table 
7.5.
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TABLE 7.3
NUMBER OF PEOPLE PASSING IN EXPERIMENTAL GROUPS AT THREE MONTHS
N urse
Lay
P
Level One
, P a s s
15 (42%) 
26 (46%) 
> 0 .0 5
Fall
21 (58%) 
31 (54%)
Level Two
P a s s Fail
6 (17%) 30 (83%) 
2 (4%) 55 (97%) 
> 0 .0 5
Level Three 
FallP a s s
6 (17%) 
2 (4%) 
> 0 .0 5
30 (83%) 
55 (97%)
2 Hour 23 (49%) 24(51%) 4(9%) 43(91% ) 4(9%) 43(91% )
4 Hour 18(39% ) 28(61%) 4(9%) 42(91% ) 4(9%) 42(91% )
p > 0 .0 5  > 0 .0 5  > 0 .0 5
Age (Mean) 31 3 9 2 7  3 6  2 7  3 7
R an g e  18-62 19-66 19-50 18-66 19-50 18-66
p* < 0 .01  < 0 .01  < 0 .01
P=Chi square; P*=t- test
TABLE 7.4
COMPARISON OF PERFORMANCE AT LEVEL ONE IN NURSE AND LAY GROUPS IN 
DIFFERENT AGE BANDS
Age group (yrs) < 29 3 0 -3 9  4 0 -4 9  > 5 0
P a s s  Fall P a s s  Fall P a s s  Fail P a s s
N urse
Lay
P > 0 .0 5
Fall
10 (71%) 4 (29%) 1 (14%) 6 (86%) 1 (17%) 5 (83%) 3 (33%) 6 (67%)
16 (64%) 9 (36%) 5(50% ) 5(50% ) 3 (19%) 13 (81%) 2 (33%) 4 (67%)
TABLE 7.5
CHARACTERISTICS OF CANDIDATES SUCCESSFUL AT LEVELS TWO 
AND THREE AT THREE MONTHS
V o lu n tee r C o u rse A ge G e n d e r Day*
N urse Four 32 Female Three
N urse Four 25 Female Three
N urse Four 21 Male Three
N u rse Two 21 Female Two
N u rse Two 23 Female Two
N urse Two 24 Male One
Lay Four 50 Male Three
Lay Two 19 Male One
* Day Of Training
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7.1.4 Analysis O f Variables In Combination
Variables were analysed in combination using log linear models. At level one, the 
interaction between age and pass or fail was the only interaction term which 
contributed significantly to the model (p <  0.05). Expected values using this 
model, compared with those observed are shown in Table 7.6.
At levels two and three, eight people passed the assessment. The best fitting model 
was found to be the interaction between nurse/lay and pass or fail (p <  0.05). 
Expected values using this model can be found in Table 7.7.
7.1.5 Analysis O f Pass Ratés In  D ifferent Age Groups
Figure 7.3 shows pass rates at level one to three in different age groups. 
Proportions of people passing and failing in different age bands were compared. 
At level one, the pass rate was significantly higher in the younger candidates. At 
levels two and three, age was not significant. Results are shown in Table 7.8.
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TABLE 7.6
TABLE SHOW ING O BSERVED NUMBERS OF PEO PLE PA SSIN G  AT LEVEL ONE IN 
EACH G RO U P, AND EXPECTED VALUES USING THE MODEL O F INTERACTION 
BETW EEN AGE AND P A S S / FAIL
Values = O bserved (expected ) num ber of candidates.
P a s s / 2 H our/ N u r s e / A g e A g e
F all 4 H our L ay < 3 1 > 3 1 T o ta l
P a s s 2 N u rs e 6 (5.3) 3 (2.7) 9 (8.0)
L ay 9 (8.4) 5 (4.3) 1 4 (12 .7 )
T o ta l 15 (1 3 .6 ) 8 (7 .1) 23 (2 0 .7 )
P a s s 4 N u rs e 4 (5.2) . 2 j2 .7 ) 6 (7.9)
L ay 8 (8.2) 4 (4 .2 ) 12 (12.4)
T o ta l 12 (1 3 .4 ) 6 (6 .9) 18 (2 0 .3 )
F ail 2 N u rs e 3 (3 .1 ) 7 (7) 10 (10.2)
L ay 5(5 ) 9 (1 1 .2 ) 14 (16 .1 )
T o ta l 8 (8 .1) 16 (1 8 .2 ) 24  (2 6 .3 )
F ail 4 N u rs e 3 (3 .1 ) 8 (6.9) 11 (10)
L ay 5 (4.9) 12 (10.9) 17 (15 .8 )
T o ta l 8 (7 .9) 20 (1 7 .8 ) 28 (2 5 .7 )
TABLE 7 .7
TABLE SHOW ING OBSERVED NUMBERS OF PEO PLE PA SSIN G  AT LEVELS TW
AND THREE IN EACH G ROUP, AND EXPECTED VALUES USING THE MODEL OF
INTERACTION BETW EEN NURSE/LAYAND P A S S / FAIL
Values = O bserved (expected ) num ber of candidates.
P a s s / 2 H our/ N u r s e / A g e A g e
Fall 4 H our L ay < 3 1 > 3 1 T o ta l
P a s s 2 N u rs e 3 (1 .4 ) 0 (1 .6 ) 3 (3.0)
L ay 1 (0.5) 0 (0.5) 1 (1.0)
T o ta l 4  (1 .9) 0 (2 .2) 4 (4 .0 )
P a s s 4 N u rs e 2 (1 .4 ) 1 (1.6) 3 (3.0)
L ay 0 (0.5) 1 (0.5) 1 (1.0)
T o ta l 2 (1 .8) 2 (2 .1) 4  (4 .0 )
F ail 2 N u rs e 6(7) 10 (8.2) 16 (15.2)
L ay 13 (12.9) 14 (14.9) 27 (27.8)
T o ta l 19 (1 9 .9 ) 2 4  (2 3 .1 ) 43 (43)
Fail 4 N u rs e 5 (4.6) 9 (8.8) 14 (14.8)
L ay 13 (6.2) 15 (11.9) 28 (27.2)
T o ta l 18 (1 9 .4 ) 24  (2 2 .6 ) 42 (42)
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FIGURE 7.3 AGE OF CANDIDATES SUCCESSFUL AT 
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TABLE 7.8
PERCENTAGE OF PEOPLE AT DIFFERENT AGES PASSING AT LEVELS ONE TWO AND THREE 
AT THREE MONTHS
Values = number (%) of people
Level One Level Two Level Three
P ass Fall P ass Fail P ass Fail
<29 26 (67%) 13(33%) 6(15% ) 33 (85%) 6(15% ) 33 (85%)
Expected
values 17 22 3 36 3 36
30-39 6 (35%) 11 (65%) 1 (6%) 16(94%) 1 (6%) 16 (94%)
Expected
values 7 10 2 16 1 16
40-49 4(18% ) 18(82%) 0 (0%) 22 (100%) 0 (0%) 22 (100%)
Expected
values 10 12 2 20 2 20
^50 5 (33%) 10(67%) 1 (7%) 14(93%) 1 (7%) 14(93% )
Expected
values 7 8 1 14 1 14
P <0.01 >0.05 >0.05
P = (Chi-square)
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7.1.6 Time To Shock Administration
The time from arrival of the candidate in the examination room until the first 
shock was delivered in those people who passed ranged, from 62 to 160 seconds 
(mean 88 seconds). Mean times to shock administration in each group are shown 
in Figure 7.4.
At level one, differences in mean time between experimental groups ranged from 
1 - 5  seconds (p >  0.05, all comparisons) at levels two and three, 8 - 2 4  seconds.
A plot of the age of the candidate versus time to shock administration is shown in 
Figure 7.5. (Correlation coefficient =  +  0.7, time =  53 +  1.1155 x age, with 
standard error of intercept =  6, and standard error of slope =  0.17)
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PASSING AT EACH LEVEL AT THREE MONTHS
8o
a
a>
E
H
N urse
B  2  hour
□  4  hour
Level 1 Level 2 /3
FIGURE 7.5 PLOT OF TIME TO SHOCK ADMINISTRATION 
AGAINST AGE AT THREE MONTHS
0
1  
Q>
E
F
y = 53^73 + 1.1155x
130
110
90
70
50
10 20 30 40 50 60 700
Age (years)
2 9 1
7.1.7 Failure At Set Levels 
Level One
Fifty two (34%) failed level one (verification, attachment and defibrillation). Of 
these 35 (67%) people failed one section of level one only, 15 (29%) failed two 
sections and 2 (4%) people failed three sections.
Level Two
Thirty three people who passed level one, failed level two, which included four 
additional sections (No shock, check patient, defibrillation, pulse restored). Of 
those who failed, 14 (42%) failed one section, eleven people (33%) failed two 
sections, and eight people (24%) failed three sections.
Level Three
All the people who passed at level two also passed at level three.
The number of failures in each section, the candidates course and whether a nurse 
or lay person, in people who passed level one and failed level two, and those who 
passed levels one and two and failed level three are shown in Appendix 7.2.
7.1.8 Failures In Individual Sections
The total number of people failing each section at three months was compared 
between experimental groups using Chi-square, results are shown in Appendix 
7.3. No statistically significant differences in pass rates between groups in any of 
the sections were detected, with the exception of the question and answer section, 
where pass rates were higher among the nurses and the four hour candidates). 
Mean age of candidates passing and failing individual sections was compared using 
the t-test and results can be found in Appendix 7.4. The mean age of people 
failing was higher in all sections, there was a statistically significant difference in 
mean age in the sections of "defibrillation", "No Shock" and questions and 
answers.
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In total 42, (45%) people failed the verification section 
10(11% ) people failed the attachm ent section 
27 (29%) people failed the defibrillation section 
55 (59%) people failed the no shock section 
24 (26%) people failed the check patient section 
66 (71%) people failed the pulse restored section 
61 (66%) people failed the questions and answers
7.1.9 Failure At Individual Points
The proportion of people failing at each individual point in the scenario is shown 
in Appendix 7.5. More than 30% of candidates failed at points VI (checking for 
responsiveness), V17 (checking pulse after no shock is advised), V18 and V26 
(unsure whether or not pulse was present), and V27 (checking for breathing).
Candidates from all experimental groups failed at these points. The percentage of
people from different groups failing at these points are shown in Appendix 7.5.
7.1.10 D ifferent Training Days
Comparison of groups attending, performance at levels One to Three, and 
performance in each section of the assessment on each day was performed using 
Chi-square, as for training data, p >  0.05 for all comparisons. These results are 
tabulated in Appendices 7.6 and 7.7.
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7.2 DISCUSSION
This discussion concerns the results of the three month assessment.
7.2.1 Balance Of The Groups At Three Months
There were no significant differences between the experimental groups with 
respect to proportion of candidates on each type of course, nurse or lay candidates, 
and age of candidates in different experimental groups at three months. The 
male/female ratio of the nurses versus the lay people, was unbalanced, as at 
training.
There were 13 non-attenders at three months. This was disappointing, since 
candidates had been asked to confirm that they would be able to attend all three 
course dates before being accepted for the course. It was intended that the 
candidates who did not attend on the specified dates would attend on an alternative 
date, if the same assessor would agree to attend also and the date could be 
arranged within a week of non-attendance (otherwise the time interval between 
courses was considered to long for the candidate to remain in the study). This did 
not happen. Arranging convenient dates within a week of non-attendance for both 
the assessor and the candidates involved was not possible. The possibility that 
some candidates who were eager and inquisitive to attend the course initially, lost 
interest after the first session because either it was not what they expected, or they 
did not enjoy it cannot be excluded, although none of them stated that this was the 
case. In such cases, it is unlikely that candidates could have been persuaded to 
attend, regardless of any additional arrangements which were made for them.
There were more non-attenders among the two-hour candidates and the nurses at 
three months. It did not appear that non-attendance at three months was related to 
performance at training (see Table 7.2). Performance at training was variable in 
those candidates who did not attend at three months.
7.2.2 Performance At Set Levels
Pass rates at all levels were poorer than at training. People successful at level one 
were younger than those who failed. Pass rates at level one were similar between 
nurse and lay, and two and four hour groups, although there was a tendency for
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higher pass rates in the 2 hour course than in the four hour (10% difference). Log 
linear model analysis found the interaction between age and pass and fail to be the 
best fitting model at level one.
The same people were successful at levels two and three. Since the number of 
passes was small, statistical analysis is of limited relevance, but the best fitting 
model was found to be the interaction between nurse/lay and pass/fail. This can be 
predicted by inspecting data: six of the eight people who passed were nurses, 
although five of these were also under 31 years o f age. Equal numbers of people 
who passed attended the two and four hour courses.
7.2.3 Age and Performance
At three months, age remained an important factor where fulfilling the minimum 
pass criteria (level one) was concerned, with fewer people over the age of forty 
passing than was expected. At levels two and three, age was less significant, 
because the total number of passes was small, and apart from the under 29 year 
olds, the observed and expected values were much the same (see Table 7.7).
7.2.4 Failure In Individual Sections
The reasons for failing the assessment were largely the same as at training, but the 
number of people failing in all sections was generally higher in all groups. As with 
the training session, high rates of failure occurred in the "verification" and "pulse 
restored" sections, often as a result of failing to check for responsiveness, failing 
to check for breathing or uncertainty regarding presence of a pulse. There was also 
more failure at several points in the "no shock" section.
The nurses were more successful in the pulse restored section, and the nurses, and 
four hour course candidates were more successful in answering the questions 
correctly. Otherwise, pass rates in individual sections were similar between 
comparative groups. The mean age was higher in people who failed in all the 
individual sections. As was the case at the training session, failure at individual 
points in the scenario (where the highest incidence of failure occurred) was not 
exclusive to any particular group.
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7.2.5 Time To Shock Administration
The mean time to shock administration was longer than at training (eight seconds), 
but again, there was little difference between groups.
7.3 SUMMARY OF CHAPTER SEVEN
At three months, the results showed a similar pattern to that seen at training, but 
with a higher failure rate at all levels and a longer time to shock administration. 
Age was still an important factor at level one, with younger age groups 
performing better than older. At levels two and three, age appeared to be less 
important than being a nurse, but numbers of passes were small, and most of the 
nurses who passed were also young.
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CHAPTER EIGHT
PERFORMANCE SIX MONTHS 
FOLLOWING TRAINING
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8.1 RESULTS AT SIX MONTHS
Chapter Eight concerns the six month training session. Eighty two of the original 
106 (77%) volunteers attended at training, three month and six month assessments.
8.1.1 Comparison Of Groups
Comparisons of the experimental groups can be found in Table 8.1. Age 
comparisons are shown graphically in figures 8.1 and 8.2. There were no 
significant differences in age distribution between the nurse and lay, and two and 
four hour course candidates (See Appendix 8.1).
8.1.2 Non Attenders
All volunteers who failed to attend at three months also failed to attend at six 
months. There were no significant differences in characteristics between the 
attenders and non attenders (see Table 8.2).
Reasons For Non Attendance (not including those who also did not attend at 
three months)
No reason offered =  3
Work commitments =  3
Left St John =  2
Illness =  2
Did not want to continue course = 1
Total 11
TABLE 8.1
COMPARISON OF GROUPS AT SIX MONTHS
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Male
Female
P
Nurse
9 (28%) 
23 (72%) 
< 0.01
Lay
30 (60%) 
20(40%)
Male
Female
P
2 Hour
19(49%) 
20 (51%) 
>0.05
4 Hour
20 (46%) 
23 (54%)
Nurse
Lay
P
P = Chi-square
16(41%) 
23 (59%) 
>0.05
16(37%) 
27 (63%)
FIGURE 8.1
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TABLE 8.2
COM PARISON OF ATTENDANCE IN EXPERIMENTAL G R O U PS 
AT SIX MONTHS
Values = Number (%) of candidates
Tw o H our 
F o u r H our 
P >0.05
A t t e n d e r s
39 (70%)
43 (86%)
N o n - A t t e n d e r s
17(30% )
7 (14%)
N u r s e
L ay
P > 0 .05
32 (71%) 
50 (82%)
13 (29%) 
11 (18%)
P a s s *
Fall*
P > 0 .05
55 (67%) 
27 (33%)
15 (63% ) 
9 (37%)
A ge <29 
A g e  30-39  
A g e 40-49  
A ge >50 
P > 0 .0 5
34  (77%) 
16 (76%) 
18 (72%) 
14 (88% )
10 (23%) 
5 (24%) 
7  (28% ) 
2 (12%)
Day O ne 
Day Two 
Day T h re e  
P > 0 .0 5
28 (78%) 
28 (80%) 
26 (74%)
8 (22%) 
7 (20%) 
9 (26%)
P= Chi-square
*Pass/Fail Level One At Training
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8.1.2 Comparison O f Perform ance Between Groups 
The following results are shown in Table 8.3 
Level One
Forty eight (59%) candidates passed at level one at six months. The mean age of 
those people passing at level one was 34 years, compared with 39 years in those 
who failed.
Level Two
Twenty one people (26%) passed at level two. The mean age of those people 
passing at level one was 29 years, compared with 38 years in those who failed.
Level Three
Fifteen (18%) people passed at level three. The mean age of those people passing 
at level one was 25 years, compared with 38 years in those who failed.
At all levels, there were no significant differences in pass rate between the nurse 
and lay candidates, and the two and four hour course candidates. The difference in 
mean age of the people who passed and those who failed was significant at all 
performance levels.
A comparison of the performance of the nurses and the lay people in different age 
bands is shown in Table 8.4
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T ab le  8 .3  NUMBER OF PEO PLE PASSING IN EXPERIMENTAL G R O U PS  AT SIX 
M O N THS
L ev e l O ne 
P a s s  F all
L evel Tw o 
P a s s  F all
L eve l T h re e  
P a s s  F a ll
N U R S E
LAY
P
19 (59%) 
29 (58%) 
> 0 .0 5
13 (41%) 
21 (42%)
8 (25%) 
13 (26%) 
> 0 .0 5
24 (75%) 
37 (74%)
7 (22%)
8 (16%) 
> 0 .0 5
25 (78%) 
42 (84%)
2 HOUR 
4 HOUR 
P
22 (56%) 
26 (61%) 
> 0 .0 5
17 (44%) 
17 (39%)
9 (23%) 
12 (28%) 
> 0 .0 5
30 (77%)
31 (72%)
9 (23%) 
6 (14%) 
> 0 .0 5
30 (77% ) 
37  (86%)
AGE (m e a n )  3 4 3 9
R A N G E  19-62 18-66
P * > 0 .0 5
2 9
19-45
< 0.01
3 8
18-66
2 5
19-45
< 0 . 0 1
3 8
18-66
TABLE 8 .4  COM PARISON OF PERFORM ANCE IN NURSE AND LAY G R O U PS  IN 
DIFFERENT AGE BANDS AT SIX MONTHS
L eve l O ne 
P a s s  F all
< 29 Y ea rs
N u r s e
L ay
P
9 (82%) 
15 (65%)
2 (18%) 
8 (35%) 
> 0 .0 5
L evel Tw o 
P a s s  F all
6 (55%) 5 (45%)
9 (39%) 14 (61%) 
> 0 .0 5
L ev e l T h re e  
P a s s  F a ll
6 (55%) 5 (45%)
7 (30%) 16 (70%)
> 0 .0 5
30-39  Y e a rs
N u r s e  
L ay
40-49  Y e a rs
4  (67%) 
3 (30%)
N u r s e
L ay
>50 Y e a rs
N u r s e
L ay
2 (33%) 
9 (75%)
4 (44%) 
2 (40%)
2 (33%) 
7 (70%)
4 (67%) 
3 (25%)
5 (56%) 
3 (60%)
2 (33%) 4 (67%)
0 (0%) 10 (100%)
0 (0%) 6 (100%) 
4 (33%) 8 (67%)
0 9 (100%)
0 5(100% )
1 (17%) 5 (83%)
0 (0%) 1 0 (100%)
0 (0%) 6 (100%) 
1 (8%) 11 (92%)
9 (100%) 
5 (100% )
P=Chi square P*=t- test
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8.1.3 Analysis O f Variables In Combination
Log linear model analysis at all performance levels showed that the best fitting 
model was the interaction between age and pass/fail (p <  0.05). Predicted values 
using this model, and the actual observed values are shown in Tables 8.5 to 8.7.
8.1.4 Analysis O f Pass Rates In Different Age Groups
Figure 8.3 shows pass rates at level one to three in different age groups.
A comparison of the proportion of people passing and failing the assessment in 
different age bands is shown in Table 8.8. Differences with respect to age were 
found to be significant at level three, but not at levels one and two.
3 0 3
TABLE 8.5
TABLE SHOW ING OBSERVED NUMBERS OF PEO PL E  PASSIN G AT LEVEL ONE IN 
EACH G RO U P AT SIX MONTHS, AND EXPECTED VALUES USING THE MODEL OF 
INTERACTION BETW EEN AGE AND P A SS AND FAIL
Values = Observed (expected ) number of candidates.
P A S S /
FAIL
2 HOUR/ 
4 HOUR
N U R S E /
LAY
A G E
< 3 1
A G E
> 3 1 T O T A L
P a s s 2 N u rs e
L ay
T o ta l
6 (4.8) 
9 (7.5) 
15 (1 2 .4 )
3 (4 .1 ) 
4  (6.4) 
7  (10 .5 )
9 (8.9) 
13 (13 .9 ) 
22  (2 2 .8 )
P a s s 4 N u r s e
L ay
T o ta l
4 (5 .3 ) 
7 (8 .3 ) 
11 (1 3 .6 )
6 (4.5) 
9 (7.0) 
15 (1 1 .5 )
1 0(9 .8 ) 
16 (15.3) 
26 (2 5 .2 )
F all 2 N u r s e
L ay
T o ta l
0 (2.0) 
3 (3.2) 
3 (5 .2)
7 (4 .3 ) 
7 (6 .7 ) 
14  (1 0 .9 )
7 (6 .3 ) 
1 0 (9 .9 ) 
17  (1 6 .2 )
F all 4 N u rs e
L ay
T o ta l
2 (2.3) 
6 (3.5) 
8 (5 .8)
4 (4 .7 ) 
5 (7.4) 
9 (12 .1 )
6 (7 .0 ) 
11 (10.9) 
17  (1 7 .8 )
TABLE 8.6
TABLE SHOWING OBSERVED NUMBERS OF PEO PL E  PASSING AT LEVEL V
EACH G RO U P AT SIX MONTHS, AND EXPECTED VALUES USING THE MODEL
INTERACTION BETW EEN AGE AND PA SS AND FAIL
P A S S /
FAIL
2 HOUR/ 
4 HOUR
N U R S E /
LAY
A G E
< 3 1
A G E
> 3 1 T O T A L
P a s s 2 N u r s e
L ay
T o ta l
4 (2 .8 ) 
4 (4.4) 
8 (7 .1)
0 (1 .1 ) 
1 (1 .7) 
1 (2 .9)
4 (3 .9 )  
5 (6 .1 )  
9 (10)
P a s s 4 N u rs e
L ay
T o ta l
2 (3 .1 ) 
5 (4.8) 
7 (7 .9)
2 (1 .2 ) 
3 (1 .9 ) 
5 (3 .1)
4 (4.3) 
8 (6.7) 
12 (11)
F all 2 N u rs e
L ay
T o ta l
2 (4 .1 ) 
8 (6.4) 
10 (1 0 .5 )
10 (7.2) 
10(11 .3 ) 
20 (18 .5 )
1 2 (1 1 .0 ) 
1 8 (1 7 .7 ) 
30  (29 )
F all 4 N u rs e
L ay
T o ta l
4 (4.5) 
8 (7.0) 
12 (1 1 .5 )
8 (8.0) 
11 (12.5) 
19 (2 0 .5 )
14 (12.5) 
19 (1 9 .5 ) 
31 (32)
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TABLE 8 .7
TABLE SHOW ING O BSERV ED  NUMBERS OF PEO PLE PASSING  AT LEVEL THREE 
IN EACH GROUP AT SIX MONTHS, AND EXPECTED VALUES USING THE MODEL OF 
INTERACTION BETW EEN AGE AND P A S S  AND FAIL
VALUES = OBSERVED (EXPECTED ) NUMBER O F CANDIDATES.
P A S S / 2 HOUR/ N U R S E / A G E A G E
FAIL 4 HOUR LAY < 3 1 > 3 1 T O T A L
P a s s 2 N u rs e 4(2 .4 ) 0 (0.4) 4 (2 .8 )
L ay 4(3 .8 ) 1 (0.6) 5 (4.4)
T o ta l 8 (6 .2) 1 (1) 9 (7 .1)
P a s s 4 N u rs e 2 (2.7) 1(0.4) 3 (3 .1 )
L ay 3 (4.2) 0 (0.6) 3 (4.8)
T o ta l 5 (6.8) 1 (1) 6 (7 .9)
Fall 2 N u rs e 2 (4 .5 ) 10(8 .0) 12 (12 .4 )
L ay 8(7) 10(12 .5) 18 (19 .4 )
T o ta l 10 (1 1 .4 ) 20 (2 0 .5 ) 30  (3 1 .9 )
Fall 4 N u rs e 4 (4.9) 9 (8.8) 13 (1 3 .7 )
L ay 10 (7.7) 14(13 .7) 24 (21.4)
T o ta l 14 (12 .6 ) 23 (2 2 .5 ) 3 7  (3 5 .1 )
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TABLE 8.8
PERCENTAGE OF PEOPLE AT DIFFERENT AGES PASSING AT LEVELS ONE TWO AND 
THREE AT SIX MONTHS
Values = number (%) of people 
Level One Level Two Level Three
P ass Fail P ass Fail P ass Fail
^ 2 9 24 (71%) 10(29%) 15(44%) 19(56%) 13(38%) 21 (62%)
Expected
values 20 14 9 25 6 28
30-39 7 (44%) 9 (56%) 2(12%) 14(88%) 1 (6%) 15(94% )
Expected
values 9 7 4 12 3 13
40-49 11(61%) 7 (39%) 4 (22%) 14(78%) 1 (6%) 17(94% )
Expected
values 10 8 5 13 3 15
^50 6 (43%) 8 (57%) 0 (0%) 14(100%) 0 (0%) 14(100%)
Expected
values 8 6 3 10 3 11
P >0.05 >0.05 <0.01
(Chi-square)
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8.1.5 Time To Shock Adm inistration
The range of time from the start of the assessment to shock administration in those 
people who passed was 54 to 132 seconds (mean 81 seconds). Mean time for each 
group (those who passed level one but failed level two, passed level two but failed 
level three, and passed level three) with standard deviation is shown in Figure 8.4.
Differences in mean time to shock administration between groups ranged from 0 to 
10 seconds at level one, these differences were not significant.
A plot of the age of the candidate versus time to shock administration is shown in 
Figure 8.5 (Correlation coefficient =  +  0.7, tim e=49.733+0.96409 x age, with 
standard error of intercept =  6, and standard error of slope =  0.17).
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FIGURE 8.4 MEAN TIME TO SHOCK ADMINISTRATION IN PEOPLE 
PASSING AT EACH LEVEL AT SIX MONTHS
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8.1.6 Failure At Set Levels 
Level One
Thirty four people (41%) failed level one (verification, attachment and 
defibrillation). Twenty eight (82%) of these 34 people failed one section of level 
one only, 5 (15%) failed two sections and 1 person (3%) failed three sections.
Level Two
Twenty seven people who passed level one, failed level two, (additional sections 
o f no shock, check patient, defibrillation, pulse restored). Of those who failed, 13 
(48%) failed one section, 10 (37%) failed two sections, and four people (15%) 
failed three sections.
Level Three
Six people who passed level two, failed level three. The number of failures in each 
section at levels one, two, and three in the candidates described above, the course, 
and whether a nurse or lay volunteer, can be found in Appendix 8.2.
8.1.7 Failures In Each Individual Section
The total number of people failing each section at six months was compared 
between experimental groups using Chi-square. A significantly higher proportion 
of the lay people were successful in the "defibrillation" section, otherwise, there 
were no significant differences in pass rates between the experimental groups. 
Results are shown in Appendix 8.3.
A comparison of the mean age of the volunteers passing each section can be found 
in Appendix 8.4. The mean age of people failing was higher than those who 
passed, these differences were significant in all sections apart from "verification" 
and "attachment", questions and answers.
In total 27, (33%) people failed the verification section 
6(7%)  people failed the attachm ent section 
17 (21%) people failed the defibrillation section 
35 (43%) people failed the no shock section 
17 (21%) people failed the check patient section 
38 (46%) people failed the pulse restored section
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46 (56%) people failed the questions and answers
8.1.8 Failure At Individual Points
The percentage of people failing at each point of the assessment scenario is shown 
graphically in Appendix 8.5. The most common points at which people failed 
were VI (checking for responsiveness, V17 checking for pulse after no shock 
advised, V26 certainty regarding presence or absence of pulse, and V27 checking 
for breathing). Candidates from all groups failed at these points (see Appendix 
&5).
8.1.9 D ifferent Training Days
A comparison of groups attending on each day, and their performance at levels 1- 
3, is shown in Tables 8.9 and 8.10. No differences were detected.
There was a significant difference in pass rate at level three. A smaller proportion 
of candidates passed at this level who had attended day one of training and 
assessment. Performance in each section of the assessment was compared between 
the three days. Results are tabulated in Appendix 8.6. A significant difference in 
pass rate in the "defibrillation" section was apparent, candidates from day three of 
training were more successful in this section than the day one and day two 
candidates. No other significant differences were found.
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TABLE 8.9
COM PARISON OF G R O U PS FROM EACH INITIAL TRAINING DAY WHO 
ATTENDED AT SIX MONTHS
Values = Number Of People (%)
D ay O ne D ay Two D ay T h re e
N u r s e 12 (43%) 11 (39% ) 9 (35%)
L ay
P > 0 .05
16 (57%) 17  (61%) 17 (65%)
2 H our 12 (43%) 14 (50%) 13 (50%)
4 H our 
P  > 0 .0 5
16 (57%) 14 (50%) 13 (50%)
A ge <29 10 (36% ) 14 (50%) 10 (38%)
A ge 3 0 -39 7  (25%) 4 (1 4 % ) 5 (19% )
A g e 4 0 -49 4 (1 4 % ) 6 (2 1 % ) 8 (3 1 % )
A ge >50  
P > 0 .05
7  (25% ) 4 (1 4 % ) 3 (12%)
TABLE 8.10
P A S S  RATES OF 
SIX MONTHS
VOLUNTEERS WHO ATTENDED DIFFERENT TRAINING
L eve l O n e
Day O ne Day Two D ay T h re e
P a s s 16 (57%) 15 (54%) 17 (65%)
F ail
P > 0 .05
12 (43%) 13 (46%) 9 (35%)
L evel Tw o
P a s s 3 (11%) 9 (32%) 9 (35%)
F all
P > 0 .0 5
25 (89%) 19 (68%) 17 (65%)
L eve l T h re e
P a s s 1 (4%) 8 (29%) 6 (23%)
F all
P < 0 .05
27 (96%) 20 (71%) 20 (77%)
P = Chi-square P*= t-test
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8.2 DISCUSSION
This discussion concerns the six month training session.
8.2.1 Balance O f The G roups At Six M onths
Twenty four of the original 106 people did not attend at the six month session. 
Although those who did not attend at three months (13 people) were invited to 
attend at six months, all failed to attend at six months also. A higher proportion of 
two hour candidates and nurses failed to attend, when compared with the four hour 
candidates and lay people.
Group comparisons were of the same pattern seen at the training and the three 
month session; there was a different male/female ratio between the nurse and lay 
groups; the two and four hour courses were well balanced with respect to age, but 
again, a higher proportion of the nurses were over fifty years old, and a lower 
proportion were under 29 years old, compared to the lay people.
8.2.2 Individual Variables And Perform ance At Six M onths
There were small differences only in performance in comparative groups. The 
mean age of the candidates passing was younger than those who failed at all 
levels, this reached statistical significance at levels two and three (9 years older at 
level two, 13 years at level three), but not at level one.
8.2.3 Combined Variables And Perform ance
Analysis of the variables of interest in combination (age of under 31 years or 32 
years and over, nurse or lay, two or four hour course and pass or fail) showed the 
interaction between age and pass and fail to be the best fitting model at all levels.
Figure 8.3 shows these differences in more detail. At level one, there is not a vast 
decline in pass rate with advancing age. A more noticeable decline in proportion 
of people passing over the age of thirty is evident at levels two and three. This 
observation is confirmed by examination of the observed and expected values at 
each level, which indicate that the major areas of differences are in the under 29 
year olds, who performed better than expected at all levels. Observed and
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expected values of people passing are not markedly different in the other age 
bands apart from the over fifty year olds at level two and three. P values at levels 
two and three should be viewed with some caution since the expected cell 
frequencies are less than five in at least two of the cells in each crosstabulation. 
When stratifying for age, comparison of pass rates between the nurses and lay 
people showed better performance in the nurses in the under 29 year old age 
group.
8.2.4 Reasons For Failure
The reasons for failure were also of the same pattern as those seen at training and 
at three months. Most failures occurred in the "verification", "no shock", and 
"pulse restored" sections (a higher proportion of nurses failed the "defibrillation" 
section, otherwise there was no association between particular groups failing 
particular sections); the individual points where most people failed were checking 
for responsiveness, checking and locating the pulse and checking for breathing, 
and candidates from all groups failed at these points. The mean age of candidates 
failing each section was higher than those who passed, but in the sections of 
"verification", "attachment" and questions and answers, this difference was only 
two to three years, suggesting that the older candidates had improved in these 
sections by six months.
8.2.5 Time To Shock A dm inistration
Time to shock administration was faster than at the three month session (mean of 
81 seconds compared with 88 seconds), again without marked differences between 
groups.
8.2.6 Comparison O f Different Days O f Training
There was a trend for poorer performance at levels two and three in the candidates 
attending day one. There are many factors which might account for this, such as 
differences in teaching or assessment, or other variables which have not been 
investigated. There was a lower proportion of under 29 year olds, and a higher 
proportion of over fifty year olds on day one than days two and three at six 
months. Of the variables which have been investigated, age is the one shown to be 
strongly associated with performance, particularly at these age bands, therefore
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age would seem the most likely explanation for this difference. This theory is 
strengthened by the observation that performance was comparable at level one 
between candidates on each day, and this is in keeping with the overall trend of 
the results, which show that performance at level one is not as strongly associated 
with age at six months as at training and three months.
8.3 SUMMARY O F CHAPTER EIGHT
Performance overall was better at six months than at three months, but poorer than 
at training. The variable most strongly associated with performance was still age 
of the volunteer, although this was not as marked at level one, at six months. The 
groups of nurse and lay, and two and four hour course remained very similar in 
terms o f ability to pass the assessment, and failure in individual sections or at 
individual points was still fairly equally distributed within these groups. When the 
nurse/lay groups are stratified for age, pass rates were higher in the younger
nurses than in the younger lay people.
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CHAPTER NINE
RETENTION OF SKILLS
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Chapter Nine concerns the performance of the different groups of candidates 
throughout the trial, from training to six months.
9.1 RESULTS
9.1.1 Comparison Of Pass Rates At Each Assessment
Table 9.1 shows the proportions of people who passed at each level at training, 
three and six months.
9.1.2 Changes In Performance
Table 9.2 shows the performance levels achieved at three and six months by the 
candidates who failed completely at training, and those who achieved levels one, 
two or three at training.
Twenty three (28%) of the 82 candidates who attended all three assessments 
maintained level one or above throughout. Three of these candidates (4%) 
maintained level two or above throughout, and two of these candidates (2%) 
maintained level three throughout.
3 1 6
TABLE 9.1
PASS RATES AT TRAINING, THREE AND SIX MONTHS
Values=Number (%) Of Candidates; N=Total Number Of Candidates
T ra in in g  3 M onths 6 M onths
N=106 N=93 N=82
P a s s e d  Levei O ne 70 (66%) 41 (44%) 48 (59%)
P a s s e d  Levei Two 39 (37%) 8 (9%) 21 (26%)
P a s s e d  Levei T hree 23 (22%) 8 (9%) 15 (18%)
F aiied  Aii Leveis 36 (34%) 52 (56%) 34 (41%)
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TABLE 9.2 PERFORMANCE LEVELS ACHIEVED AT TRAINING, 
THREE AND SIX MONTHS
0=FaiIed ; 1=Passed Level One; 2= Passed Level Two; 
3=Passed Level Three; N=Number Of Candidates
I) Failed a t training (Total cand idates = 27) 
T ra in ing  3 M onths Six Months
ii) Achieved level 1 a t training (Total cand ida tes = 22) 
T rain ing Months Six M onths N
0 0 8
0 1 2
0 2 2
1 0 4
1 1 3
1 2 1
1 3 2
ill) Achieved level 2 a t training (Total cand idates = 13) 
T ra in ing  3 Months Six M onths N
iv) Achieved level 3 at training (Total cand idates = 20)
T rain ing 3 Months Six Months N
3 0 0 5
3 0 1 1
3 0 2 1
3 0 3 1
3 1 0 2
3 1 1 3
3 1 3 3
3 3 1 2
3 3 3 2
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9.1.3 Comparison Of Candidates According To Two
Performance Criteria
In the remainder of these results, candidates are divided into two groups of pass 
(if they passed at any level), or fail (if they did not achieve level one or above).
Figure 9.1 shows the progress of candidates in the two hour and four hour 
groups from training to six months. Figure 9.2 shows the progress o f candidates 
in the nurse and lay groups from training to six months.
9.1.4 Non Attenders At Three And Six Months, Who Passed 
At Training
Six nurses who passed at training did not attend at three or six months (four 
from the two hour course, two from the four hour course). Two lay people who 
passed at training did not attend at three and six months, both from the two hour 
course.
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9.1.5 People W ho Passed At Training And M aintained Level 
One O r Above At Three M onths
Of the 70 people who passed at training, 62 (89%) attended at three months. Of 
these 62 people, 33 (53%) also passed at three months, and 29 (47%) people 
failed at three months. People who passed at training and three months were 
compared with those who passed at training but did not pass at three months 
within the groups of nurse and lay, two and four hour course, age groups of 31 
years or less, or equal to/greater than 32 years, and different days of training. 
Results are shown in Table 9.3. A higher proportion of two hour candidates, 
and candidates under 31 years of age passed at training and at three months, but 
these differences were not significant.
Log linear model analysis, using the variables of pass/fail, nurse/lay, two/four 
hour course and age greater or less than 31 years confirmed this finding; there 
were no interactions which contributed significantly toward the model (p >
0.05).
9.1.6 People W ho Passed At Training And M aintained Level 
One O r Above At Three And Six M onths
Those people who passed at training and maintained at least level one throughout 
are compared with those who did not in the different groups in Table 9.4. A 
higher proportion of two hour course candidates and candidates under the age of 
31 who passed at training maintained level one or above throughout. This 
difference was statistically significant in the case of younger versus older 
candidates.
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TABLE 9.3
PERFORMANCE OF CANDIDATES AT THREE MONTHS WHO PASSED AT TRAINING
Number Of Candidates Who Passed At Training Who Attended At Three Months=62
P ass  (Training) P ass  (Training) P*
P ass (3 Months) Fall (3 Months)
N urse 12 (54%) 10 (46%)
Lay 21 (53%) 19 (47%) > 0 .0 5
2 Hour 19 (58%) 14 (42%)
4 Hour 14 (48%) 15 (52%) > 0 .0 5
Age <31 22 (63%) 13 (37%)
Age >32 11 (41%) 16 (59%) > 0 .0 5
Day 1 12 (67%) 6 (33%)
Day 2 12 (52%) 11 (48%)
Day 3 9 (43%) 12 (57%) > 0 .0 5
TABLE 9.4
COMPARISON OF CANDIDATES WHO PASSED AT ALL THREE SESSIONS, WITH THOSE
WHO PASSED AT TRAINING BUT FAILED AT THREE AND/OR SIX MONTHS
Candidates Who Passed At Training Who Attended Every Session=55
P a s s e d P assed  At Training P*
At Every S ession Failed After
N urse 7 (37%) 12 (63%)
Lay 16 (44%) 20 (56%) > 0 .0 5
2 Hour 15 (56%) 12 (44%)
4 Hour 8 (29%) 20 (71%) > 0 .0 5
Age <31 17 (57%) 13 (43%)
Age >32 6 (24%) 19 (76%) < 0 .0 5
Day 1 7 (44%) 9 (56%)
Day 2 a (38%) 13 (62%)
Day 3 8 (44%) 10 (56%) > 0 .0 5
P* = Chi-square
TABLE 9.5
TABLE SHOWING EXPECTED AND OBSERVED NUMBERS OF PEOPLE WHO PASSED AT
EVERY SESSION AND THOSE WHO DID NOT USING THE MODEL OF INTERACTION
BETWEEN AGE AND PASS/FAIL AND HOURS AND PASS/FAIL
Values = Observed (expected ) number of candidates.
P a s s /  2 Hour/ A ge N urse Lay
Fall 4 Hour T otal
P a s s 2 < 31 1(1.7) 3 (3.2) 4 (4.9)
> 31 4(2.5) 4(4.7) 8(7.1)
Total 5 (4.1) 7 (7.9) 12 (12)
P a s s 4 < 31 3 (2.8) 6 (5.3) 9(8.1)
> 31 4(4.1) 7(7.8) 11 (11.9)
Total 7 (6.9) 13 (13.1) 20 (20)
Fail 2 < 31 4(3.8) 7(7.3) 11 (11.1)
> 31 1 (1.4) 3(2.6) 4(3.9)
Total 5 (5.2) 10 (9.8) 15 (15)
Fall 4 < 31 1 (7.4) 5(11.2) 6 (5.9)
> 31 1(10) 1 (15.2) 2(2.1)
Total 2! (15.6) 6 (23.6) 8 (8)
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In those people who passed at training, the variables of nurse or lay candidate, 
two hour course or four hour course, age under 31 or age greater than or equal 
to 32, and passing at every session or not passing at every session, were 
subjected to log linear model analysis. Two interactions were found to contribute 
significantly to the Goodness of Fit of the model: those of age and passing/not 
passing at every session, and course length and passing/not passing at every 
session (p <  0.05). The observed values, and expected values predicted by 
using these two interaction terms in the model are shown in Table 9.5.
The odds of people under 31 passing at each session, versus people older than 
31 were 4:1. The odds of passing at each session in two hour versus four hour 
course candidates were 3:1.
9.1.7 Other Pass/Fail Combinations Between Training,
Three And Six Months
Table 9.6 compares those people who passed only at training, with those who 
passed at training and also passed at three and/or six months. More younger 
candidates, two hour course candidates, and candidates from day one who 
passed at training passed again at either three or six months. No statistically 
significant associations were detected.
Table 9.7 compares those people who failed at every session, with those people 
who failed at training but passed at some point later on. More four hour 
candidates, and more younger candidates who failed at training passed at some 
point later on. These comparisons were not subjected to statistical analysis, 
because of the small size of the sample.
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TABLE 9.6
COMPARISON OF CANDIDATES WHO PASSED AT TRAINING ONLY, WITH THOSE WHO 
PASSED AT TRAINING AND AT THREE AND/OR SIX MONTHS
Number Of Candidates Who Passed At Training Who Attended At Session=55
P ass  at Training 
only
Passed  at Training 
and after
N urse
Lay
2 Hour 
4 Hour
Age ^31 
Age >31
Day 1 
Day 2 
Day 3
*P Chi-square
6 (32%) 
11 (31%)
7 (26%) 
10 (36%)
7 (34%) 
10 (58%)
3 (19%) 
7 (33%) 
7 (39%)
13 (68%) 
25 (69%)
20 (74%) 
18 (64%)
23 (66%) 
15 (52%)
13 (81%)
14 (67%) 
11 (61%)
> 0 .0 5
> 0 .0 5
> 0 .0 5
> 0 .0 5
TABLE 9.7
COMPARISON OF CANDIDATES WHO FAILED AT ALL THREE SESSIONS, WITH THOSE 
WHO FAILED AT TRAINING BUT PASSED AT THREE AND/OR SIX MONTHS
Number of candidates who passed at training who attended at session=55
Fall a t Training 
P assed  later
Fall a t training 
and after
N u rse
Lay
Hour
Hour
Age
Age
Day
Day
Day
^31
>31
1
2
3
9 (69%) 
10 (71%)
6 (50%) 
13 (87%)
7 (100%) 
12 (60%)
4 (33%) 
2 (29%) 
2 (25%)
4(31%) 
4 (29%)
6 (50%) 
2 (13%)
0 (0%) 
8 (40%)
8 (67%) 
5(71%) 
6 (75%)
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9.1.8 Relationship Between Passing At Training, Three And 
Six Months
Passing or failing at training was significantly associated with passing or failing 
at three months, and passing or failing at three months was associated with 
passing or failing at six months.
Comparing performance at three and six months in people who passed and failed 
at training, showed that a higher proportion of people who passed at training 
passed at both three and six months than people who failed-at training, but this 
did not reach statistical significance. There was no association between passing 
or failing at training and passing or failing at six months. Figures are shown in 
Table 9.8.
TABLE 9.8
RELATIONSHIP BETWEEN PASSING at TRAINING, THREE AND SIX MONTHS
Number Of Candidates Who attended Every Session=82
3 2 6
P assed  at 3 Months 
Failed at 3 Months
P assed  a t Training
31 (79%)
8 (21%)
Failed at Training
24 (56%)
19 (44%) < 0 .0 5
P assed  a t 6 Months 
Failed at 6 Months
P assed  Three Months
30 (77%)
9 (23%)
Failed Three M onths
18 (42%)
25 (58%) < 0 .0 5
P assed  at 6 Months 
Failed at 6 Months
P assed  a t Training
30 (55%)
25 (45%)
Failed at Training
18 (67%)
9 (33%) > 0 .0 5
P assed  a t Training 
Passed  at 3 and 6 Months 23 (42%)
Failed at 3 and/or 6 Months 32 (58%)
Failed at Training
7 (26%)
20 (74%) > 0 .0 5
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9.1.9 Retention O f Skills O f Individual Sections
In the 82 candidates who attended all three sessions, Figure 9.3 shows the 
number of candidates who passed each individual section of the assessment at 
training, and the number and percentage of those who also performed the section 
correctly at both three and six months.
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Figure 9.3 Retention of individuai sections of assessment at training, 
three and six months
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9.2 Discussion
9.2.1 Overall Pattern  O f Results
Pass rates overall were worse at three months than at training, better at six 
months than at three months, although still worse at six months than at training.
The overall improved performance at six months might be related in part to the 
additional training received at three months, although at three months, 
candidates had no advance notice that they would be assessed on arrival at the 
session, whereas at six months, the candidates might have suspected testing on 
arrival (although they were not told that this would happen), and some might 
have reviewed their notes before attending. Although candidates were tested 
using the same scenario at each testing session, during the three month refresher 
session, they were given several different scenarios to practice, therefore they 
would not necessarily have been expecting the same assessment scenario at six 
months.
The progress of the candidates shown in figures 9.1 and 9.2 shows the variable 
patterns in passing and failing in individuals at training, three and six months, 
indicating that the skill is acquired and retained differently by different people. 
A much larger study would be necessary to investigate different patterns of 
passing and failing more precisely.
There was similar variation in achievement of different performance levels; this 
is shown in Table 9.2. This is probably related to the nature of the assessment. 
Failure at any point of level one in the assessment (for example, failing to give 
the order to stand clear, or failing to check for responsiveness) resulted in 
complete failure of the assessment, even though the candidate might have made 
no other mistakes. Therefore, it is not surprising that some candidates 
progressed from failure to level three between assessments. Very few people 
maintained the very stringent performance levels throughout. Twenty eight per 
cent of people maintained level one skills or above. Comparison between 
courses and candidates is therefore confined to the comparison between those 
people who maintained level one or above from training to six months.
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9.2.2 Age
The results with respect to age of the candidate reflected the findings from 
training, three and six months, showing age to be an important factor where 
retention of AED skills is concerned.
Of those who passed the assessment at training, a higher proportion of younger 
candidates retained their skills to three, and then to six months. The effect of 
age was statistically significant where passing at all three sessions was 
concerned.
There was evidence that younger people who failed at training were more likely 
to improve later on than were older people, and older people who passed at 
training were less likely to pass again at any session than were younger people. 
These associations were not proven statistically, as numbers of candidates were 
small.
9.2.3 Two Hour And Four Hour Course
The Null Hypothesis stated that:-
There is no difference in acquisition and retention of skills between 
individuals who have received a two hour training in the use of the 
AED, and those who have received a four hour training.
Seventy per cent of two hour course candidates passed the assessment at training 
compared with 62% of four hour course candidates; 58% of two hour course 
candidates who passed at training and attended at three months passed again, 
compared to 48% of four hour candidates. By six months, 56% of the 
candidates from the two hour course who had passed at training retained their 
skills compared with 29% on the four hour course. These findings suggest that 
two hour training in the use of an AED is as effective as four hour training for 
first aiders as far as acquisition of skills is concerned, and possibly more 
effective in terms of skill retention. Log linear model analysis did not indicate 
that any interaction between age and course length contributed to the model, 
therefore the finding in respect to course length and performance is independent 
of an age effect. The null hypothesis is therefore rejected, adding the proviso 
that the number of subjects who passed throughout was small. A possible
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confounding factor is that the number of candidates who passed at training but 
did not attend at three and six months was higher on the two hour course (15%) 
than the four hour course (6%).
In those people who failed at training, passing later on at either three or six 
months was more common on the four hour course than the two hour (87% 
compared to 50%). Although it is possible that this difference is related to the 
length of the initial course, since candidates from both courses were assessed 
throughout by the same people, and underwent the same refresher course at 
three months, there is no obvious explanation for this observation. There were 
insufficient numbers of candidates to explore this further.
9.2.4 Trained Nurses And Lay Volunteers
The Null Hypothesis stated that:-
There is no difference in acquisition and retention of AED skills 
between lay St John members, and nurses in St John
Sixty two per cent of nurses in St John passed at training, compared to 69% of 
lay people. Considering only those people who passed at training and attended 
each session, 55% of nurses, and 53% of lay people also passed at three months; 
and 37% of the nurses retained their skills throughout, compared with 44% of 
the lay people. These results therefore suggest that there is little difference in the 
acquisition and retention of AED skills in lay and trained nurse volunteers in St 
John Ambulance. The Null Hypothesis is therefore accepted. Again, there was a 
difference between the two groups in number of people who passed at training, 
but failed to attend at three and six months; with more nurses who passed at 
training failing to attend at three and six months than lay people (21% of nurses 
compared with 5% of lay people).
There was little difference in the proportion of nurse and lay candidates who 
failed at training and passed later on, and those who passed at training but failed 
on both occasions after.
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9.2.5 Additional Findings
Performance in the individual sections of the assessment reflected the findings at 
each of the training sessions, that is, the "verification", "no shock" and pulse 
restored" sections were the most poorly retained practical elements of the skill in 
the people who were successful in these sessions at training.
People who passed at training were more likely to pass at three months, than 
people who failed at training, and people who passed at three months were more 
likely to pass at six months than people who failed at three months. Passing at 
training was not a good indicator of who would pass at six months. This 
"dilution" of the effect of passing at training can be explained by some of the 
candidates not acquiring the necessary skills to pass the assessment until three or 
six months. A higher proportion of people who passed at training passed at both 
three and six months than people who failed at training. Therefore, there is no 
strong evidence that people who do not perform well at training will never 
acquire the skill at all, but those people who do acquire the skill immediately 
seem more likely to pass at three and six months.
It is suspected that those people who are able to acquire and retain the skill can 
do so fairly quickly, regardless whether they are a nurse or a lay person. 
Operation of the AED is a simple practical skill, which when coupled with 
remembering the different elements of the protocol sequence and incorporating 
basic CPR, becomes a more complicated procedural task. In previous studies, 
age is the only variable which has been shown to have an effect on the 
acquisition or retention of AED skills (Mcdaniel and Berry et al 1988, Cummins 
and Schubach et al 1989b).
It is likely that the ease with which this skill is acquired and retained is related to 
a combination of other characteristics such as psychomotor ability, aptitude 
(neither of which have previously been investigated) and age. The distribution of 
age of the candidates was the same on the two and four hour courses. This is not 
surprising, since the candidates were randomised. Randomisation should 
theoretically ensure that the courses were similarly well balanced for any other 
individual characteristics which may have been influential in acquisition or 
retention of the skill. Therefore, if such a characteristic does exist, this should 
not have affected the two and four hour course comparison. Statements
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regarding the nurse/lay comparison are more difficult to make because of the 
age difference between the groups.
9.3 SUMMARY
Regarding retention of the skills of AED use, considering variables individually, 
age was the most important characteristic affecting the ability of candidates to 
pass the assessment at all three sessions. Retention of the skill to six months was 
similar between the nurses and the lay people, but better in the two hour course 
candidates than the four hour candidates. These findings were confirmed by 
considering the variables in combination, which indicated that other than the 
interaction between age and performance, and course length and performance, 
there were no other two-way interactions which contributed significantly to the 
observed model.
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CHAPTER TEN
DISCUSSION OF PART THREE
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10.1 The Nature Of The Assessment
In the study described, passing the assessment at various stages was equated with 
acquisition and retention of the skills of AED use. Disadvantages of this are that 
the assessment was devised for this study and had not been validated previously. 
This measure was necessary because "AED skills" and objective methods of 
measuring these skills have not been defined. This exemplifies the exploratory 
nature of the study.
The advantages of the assessment used were that this method indicates precisely 
which aspects of the skill the candidate is capable of performing. Had the 
performance been expressed in terms of a score, the results would not have 
offered such precise information. This allows readers who are not in agreement 
with the particular pass/fail criteria adopted to gain insight into the performance 
o f the candidates. Secondly, the assessment was objective based; therefore, this 
allows replication of the study by other investigators.
10.2 Pass/Fail Criteria
The pass/fail criteria used were stringent, in that failing at one point o f the 
protocol resulted in failure of the whole section, which may have resulted in 
failure at one of the three set performance levels. From the point of view of the 
aims of this study, had the criteria for passing the assessment been more 
relaxed, the overall pass rate would have been higher, but the findings indicate 
that outcome in terms of the nurse versus lay candidates, and two hour versus 
four hour course comparison would have been the same, because similar rates of 
failure in different sections by the different groups were found.
The highest failure and poorest retention rates were in the "verification" and 
"pulse restored" sections, usually as a result of failing to check for 
responsiveness, breathing or uncertainty regarding the pulse. In the sections 
related to AED use, the most common reason for failure was the "No Shock" 
section, again, often due to uncertainty regarding the presence of a pulse. It 
could be argued that the essential skills of AED use are recognition o f cardiac 
arrest, correct attachment of the device to allow accurate rhythm recognition by 
the AED, and shock administration, and that first aiders who can demonstrate
3 3 6
the ability to operate the AED should not be restricted from using it for errors 
which would not prevent shock administration or diminish safety.
It has been suggested that poor performance of basic CPR and ACLS skills in 
the classroom is in part due to the information being to difficult to retain, and/or 
unrealistic performance standards (Martin and Loomis et al 1983; Kaye and 
Mancini et al 1985). The same may be said of this study. It is not surprising that 
remembering every point in the protocol was too difficult for the majority of 
people to remember for three months without hands-on practice. Forgetting such 
points as checking for breathing or responsiveness was related to the variable 
performance (in terms of achieving levels one, two or three) in the same people 
over the three assessment sessions.
In St John Ambulance, the use of AED's by lay people is a new concept, and 
the criteria for acceptable performance of basic CPR used in the assessment 
were the same as those used by the organisation. The assessment was therefore 
appropriate for this initial study in St John volunteers. At the beginning of the 
study, achievement of level three was considered to be the basic requirement for 
a St John operator to be certified to use the AED on public duties, but very few 
people maintained levels two or three throughout. The organisation must 
. therefore decide whether the pass/fail criteria can be relaxed, and if so, how this 
could be done.
10.3 Im plications O f The Findings For St John Ambulance
The size of the sample of candidates was sufficient to detect differences in 
performance of greater than 25-30%. Therefore, some differences in 
performance between comparative groups which did not reach statistical 
significance may have done had number of candidates been larger. From a 
practical point of view, smaller differences in performance are unlikely to 
influence decisions regarding selection of volunteers for training, or course 
length. Another consideration influencing the size of the study was that this was 
the first study of this type in St John Ambulance. Therefore, although a larger 
scale study would have been more sensitive to differences between experimental 
groups, the smaller study was appropriate considering the timing of the 
investigation, and the purpose for which it was intended.
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Acquisition of AED skills was the same on both the two and four hour courses, 
but retention was better on the two hour course, suggesting that a two hour 
course would be a the better choice. However, the higher proportion of non- 
attenders by six months on the two hour course suggests that the shorter course 
may have been less satisfying, or inspired less confidence in the candidates than 
the longer course (even though little difference in performance at assessment 
was found). This may be an important factor in choosing an optimum length of 
AED training course in voluntary organisations. A shorter course may be more 
economical in terms of time and resources, but less profitable if there is a higher 
non-attendance rate following initial training than with a longer course.
Although little difference between the nurses and lay people could be established 
in this sample, there was some evidence that the younger nurses who took part 
in the study performed better than the older nurses or younger and older lay 
people. This was not proven, since the number of younger nurses who took part 
was small. The sample of nurses in the study was "typical" in that these were 
the nurses in St John who volunteered. Even if younger nurses do acquire and 
retain the skill more easily, if there are fewer young nurses in St John who are 
willing or able to take part in AED training, there is little point in formulating a 
training policy based upon the findings in young nurses, regardless of their 
ability.
The main trend in the results was the poorer acquisition and retention of skills 
by older candidates. Age was an overwhelmingly significant factor and is a 
characteristic of individuals which is easy to assess. Although age is unlikely to 
be the only factor which influences acquisition and retention of skills, the other 
characteristics which may contribute, such as intelligence or psychomotor 
ability, are more difficult to identify. The advantage of AED's is that people can 
be taught to use them quickly. The benefit of further investigations to isolate 
other characteristics affecting ease of acquisition and retention of the skill is 
therefore questionable. If psychomotor or aptitude testing were necessary to 
screen for potential AED operators, the time taken to do this would cancel out 
the advantages of a short training programme. In addition, if the method of 
screening was not absolutely reliable some people who could potentially use the 
AED effectively might be excluded from training.
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10.4 Recommendations
It is recommended that an attempt should be made to train all lay and 
professional individuals in St John Ambulance who are willing to volunteer for 
training in AED use, by means of the same training programme. If numbers of 
trainees need to be limited, priority should be given to younger candidates. The 
initial training programme should be brief (four hours maximum) followed up 
by regular refresher sessions. The optimum timing and frequency of refresher 
sessions is an area requiring further study.
The stringent pass/fail criteria used in this study are unrealistic for infrequent 
users. Deciding upon rational ways of relaxing the criteria is an issue which 
requires further discussion. The optimum pass criteria could vary according to 
type of trainee (for example, lay people acting on behalf of voluntary 
organisations or lay family members), and the sensitivity and specificity of the 
particular AED which is being used. If highly specific devices were available for 
use by lay rescuers, the pass/fail criteria could be more relaxed. This would be 
advantageous because the number of people fulfilling the pass criteria, and 
consequently, the number of potential AED operators, could be increased.
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CHAPTER ELEVEN
CONCLUSION TO THESIS
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11.1 The Initial Purpose Of The Investigation
The purpose of this thesis was to describe the circumstances of pre-hospital 
cardiac arrest in London, and to investigate some of the strategies which can be 
employed to deal with the problem. From the point of view of pre-hospital 
resuscitation services in London, this study was warranted, because no previous 
work into the subject had been performed, and at the start of the investigation, 
the London Ambulance Service did not have an established ambulance based 
resuscitation scheme in operation.
From a wider viewpoint, this was essentially a low cost, exploratory 
investigation, in which several issues of current interest in the field of pre­
hospital resuscitation were addressed. The study has limitations which have been 
acknowledged throughout, but these do not diminish its value in identifying 
areas requiring further research, which could possibly be investigated more 
successfully on a more extensive, more expensive, scale.
11.2 Findings
These investigations have added to the existing knowledge regarding pre-hospital 
cardiac arrest in the following ways:-
1. Prior to this study, the characteristics of the community and the ambulance 
service system in London which affect the outcome from cardiac arrest were 
unknown. The findings presented in Parts One and Two indicated that the net 
result of these characteristics in London is that time interval between collapse 
and definitive care was too long in the majority of victims for optimal chances 
of survival.
2. The survival rate which could be expected from any type of ambulance based 
resuscitation strategy (providing definitive care) employed in London was also 
unknown. Two strategies were investigated in two separate studies; one 
involving maximal training of ambulance staff and the other involving minimal 
training. Similar small numbers of survivors were achieved in both studies.
3. In the investigation involving AED's, the effect of an element o f subjectivity 
in EGG rhythm interpretation on the stated level of AED accuracy was
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demonstrated. Most of the Consultant Cardiologists involved in this part of the 
investigation believed that shock administration to pre-hospital cardiac arrest 
victims found in asystole would not be harmful. These views suggest that AED's 
of lower specificity and higher sensitivity would be appropriate for use by 
ambulance staff in the pre-hospital setting.
4. A subsidiary finding from both studies was that some aspects o f ambulance 
staff performance lead to delays in administration of definitive care, which may 
independently reduce the likelihood of survival of pre-hospital arrest victims. 
These aspects of performance are likely to be unnoticed if ambulance staff 
performance is not closely monitored. Current British guidelines regarding 
extended training of ambulance staff do not emphasize this point.
5. The final strategy investigated concerned the possibility of definitive care for 
pre-hospital arrest victims being provided by a volunteer ambulance service. It 
was shown that a variety of lay people in addition to health care workers could 
potentially be taught to use an AED, both by means of a two hour training 
programme. Use of AED's by such operators would result in a shortening of 
time to definitive care for some victims.
11.3 Conclusion and Recommendations for Further Work
If patient survival is considered to be the measure of success of a pre-hospital 
ambulance based resuscitation scheme, there is no evidence from these 
investigations to suggest that either of the schemes described involving 
additionally trained regular ambulance staff would be much more successful than 
ambulance staff providing treatment with basic CPR only in London.
If some form of ambulance based resuscitation scheme is considered mandatory, 
it is concluded that both of the ambulance based strategies described have some 
advantages. An extended trained operator may be more skilful in treating all the 
patients he or she attends (as well as cardiac arrest victims) as a result of 
additional knowledge and training, but increased provision of defibrillators for 
cardiac arrest victims could be achieved more quickly using minimally trained 
AED operators.
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This study does not profess to answer the question of which ambulance based 
strategy would be the most beneficial for patients in London. A review of the 
previous literature indicated that, even when using the same reporting system, 
survival rates between different communities cannot be meaningfully compared. 
The success of a resuscitation scheme should therefore be quantified by 
demonstrating whether one system is more successful than another in the same 
community. To do this with confidence in London, a prospective trial 
comparing both methods would be necessary. Judging by the results of the 
investigations presented here, this would require a large scale study, to ensure 
sufficient numbers of survivors to make a meaningful comparison. 
Consequently, such a study is likely to be costly and administratively difficult to 
implement.
Studies from other communities with higher survival rates have demonstrated the 
importance of time from collapse to defibrillation unequivocally. It is therefore 
recommended that in the future, work into this problem involving the ambulance 
service in London be confined to looking at ways of decreasing the time from 
collapse to definitive care, with the main outcome measure being this time 
interval rather than patient survival. Measures which may result in shortening 
this time interval include improving the information received from 999 callers 
regarding location of the incident and nature of illness, and changes in timing of 
ambulance staff training in defibrillation, both of which may reduce the time 
from ambulance arrival at the location of cardiac arrest to initiation of definitive 
treatment. An investigation of response times in different areas of London would 
identify those areas with shorter response times in which increased provision of 
defibrillators may prove more successful.
Additional provision of definitive care by lay people is a relatively new concept 
and there is considerable scope for more investigation in this area. The study 
described in Part Three could be repeated, using a larger number of subjects 
stratified according to age, in order to increase the sensitivity of the study. A 
further step in the training of lay people in AED use would be to investigate 
different training methods, and to ascertain the optimum frequency and content 
of refresher courses. Objective methods of assessing AED skills should be used. 
The issue of optimum pass/fail criteria requires further investigation and 
discussion. Complicated protocols and unrealistic performance standards will 
limit the extension of defibrillation capabilities to a wide range of rescuers, and
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should be avoided. Performance criteria for lay people could be considerably 
relaxed, provided that the AEBjused is sufficiently specific for non-ventricular 
fibrillation.
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APPENDICES
Appendix 1.1 ACLS Training Programme
London Ambulance Service
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Day 1 10th June
08.30 - 10.00
10.00 - 10.15
10.15 - 13.00
14.00 - 14.45 
14.45 - 15.00
15.00 - 16.00
Registration 
Course Introduction 
Pre-hospital Care 
Break
Cardiovascular System 
Respiratory System 
Break
Nervous System
Chief Officer 
Dr D D'Auria
Dr D D’Auria 
DrEGardnCT
DrEGardnCT
Day 2 11th June
08.30 - 10.00
10.00 - 10.15
10.15 -13.00
14.00 -15.00
15.00 -15.15
15.15 - 16.00
Respiratory Disorders 
Break
Cardiovascular Disorders I 
Cardiovascular Disorders II 
Break
Cardiovascular Disordo's m
DrEGardna"
Dr H Swanton 
Dr D Bennett
Dr D Bennett
Day 3 12th June
08.30 - 10.00
10.00 -10.15
10.15 -13.00
14.00 -15.00
15.00 - 15.15
15.15 -16.00
The Normal ECG 
Break
Selected Drugs
Cardiovascular Effects of Pain, 
Fear and Disorda:ed Breathing 
Break
Ventilation, Hyperventilation 
and the Heart
Dr D Dymond 
Dr P Kidner 
Dr P Nixon 
Dr L Freeman
Day 4 13th June
08.30 - 10.00
10.00 -10.15
10.15 - 13.00
14.00 -16.00
Electrocardiography
Break
Arrhythmias
(a) Arrhythmia Recognition
(b) Taking an ECG
Dr D Dymond
Dr D Dymond 
Dr D Dymond 
Dr D Dymond
Day 5 14th June
08.30 - 10.00
10.00 - 10.15 
10.15 - 13.00
14.00 - 16.00
Tutorial
Break
Review
Assessment
Dr P Kidner
Day 6 17th June
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08.30 - 09.30 Shock Dr B Galbally
09.30 - 10.30 Medical Emergencies I Dr V Dallos
10.30 - 10.45 Break
10.45 - 11.45 Medical Emergencies II Dr J Thurston
11.45 - 13.00 Trauma Care Mr S Tachakra
14.00 - 16.00 Service Protocols Mrs D Oztepe
Day 7 18th June
08.30 - 09.30 Principles of Surgical Management Miss M Hocking
09.30 - 10.30 Pain Relief Mr D Skinner
10.30 - 10.45 Break
10.45 - 11.45 Missile Injuries General N Kirby
11.45-13.00 Abdominal Emergencies Mr H Millington
14.00 - 16.00 Service Protocols Mrs D Oztepe
Day 8 19th June
08.30 - 09.30 Multiple Injuries Mr H Millington
09.30 - 10.30 Head and Spinal Injuries Mr A Swaine
10.30 - 10.45 Break
10.45 - 11.45 Chest Injuries Mr A Swaine
11.45-13.00 Bums Dr P Green
14.00 - 16.00 Service Protocols Mrs D Oztepe
Day 9 20th June
08.30 - 09.30 Paediatrics I Dr D Salisbiuy
09.30 - 10.30 Paediatrics II Dr D Salisbury
10.30 -10.45 Break
10.45 - 11.45 Basic Life Support I Dr E Glucksman
11.45-13.00 Basic Life Support II ^ Dr E Glucksman
14.00 - 16.00 Tutorial Dr E Glucksman
Day 10 21st June
A.M. Assessment Theory
ECG Interpretation
P.M. Practical and Oral
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London Ambulance Service
Advance Training Programme—Lecture Content
Day 1 Lectures for 10th June (Repeated on 24th June)
03.30 - 10.00 Pre-hospital Care: Origins. Development and Present Position
Development of concept of pre-hospital care. Existing systems 
and their principle differences. Role and function of A & E, ICU and 
e c u .  Objectives of pre-hospital care. Evidence in favour of 
concept. Future development
10.15 - 13.00 Cardiovascular System
Cardiac anatomy. Cardiac cycle. Electrophysiology. Innovation and 
control. Effects of fluid loss. Clinical assessment. Blood and its 
function. Formed elements. Blood groups. Blood clotting.
14.00 - 14.45 Respiratory System
Anatomy with the emphasis on URT. Lungs, pleura. Muscles of 
respiration. Composition of inhaled and exhaled air. Blood gases.
15.00 - 16.00 Nervous System
Anatomy and-function of the brain and brain stem. CSF. Types of 
nerves. Reflexes. Autonomic Nervous System.
Day 2 Lectures for 11th June (Repeated an 25th June)
08.30 - 10.00 Respiratory Disorders
Clinical signs. Assessment of respiratory obstruction, depression 
and arrest. Chest injuries. Paradoxical breathing. Pneumothorax. 
Inhalation of fumes. Drowning. Oxygen therapy.
10.15 - 13.00 Cardiovascular Disorders I
14,00 - 15.00 Cardiovascular Disorders n
15.15 -16.00 . Cardiovascular DisordCTS in
Pathology. Clinical features and complications of angina, 
myocardial infarction, LVF, cardiogenic shock. Differential 
diagnosis of cardiac pain. Pacemakers and precautions to be 
taken. Value of the ECG. Recognition of sinus rhythm and normal 
variants. R ^ cognition and explanation of sinus bradycardia, sinus 
tachycardia, atrial extrasystoles, S VT, AF, ventricular extrasystoles 
VT, VF, heart block and asystole.
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Day 3
08.30 - lO.OOhrs 
10.15 - 13.00
14.00 - 15.00hrs 
15.15 - 16.00hrs
Lectures for 12th June (Repeated on 26th June)
Normal ECG
Principles of the ECG. Monitoring ECGs.
Selected Drugs
Presentation, pharmacology, primary emergency indications, 
contra-indications, precautions, route of administration, side 
effects. Special aspects of:-
Adrenaline, atropine, calcium chloride, diamorphine, isoprenaline, 
lignocaine, sodium bicarbonate, glyceryl trinitrate, glucagon, 
dexamethasone.
Cardiovascular Effects of Pain, Fear, and Disordered Breathing 
Ventilation, Hyperventilation and the Heart
Day 4
08.30 - lO.OOhrs 
10.15 - 13.00hrs 
14.00 - lô.OOhrs
Lectures for 13th June (Repeated on 27 June)
Electrocardiography
Principles. Recognition and basis of normal ECG. Taking an ECG. 
Possible sources of error. Artefacts.
Arrhythmias and Their Treatment
Understanding and recognition of those listed above. Principles of 
emergency treatment.
Taking and ECG
Practice of taking an ECG individually. Case examples of artefacts. 
Anhythmia recognition - discussion of case examples, 
identification of abnormalities. Self assessment.
Day 5 Lectures for 14th June (Repeated on 28th June)
08.30 - lO.OOhrs Tutorial
Discussion of problems raised by class on week’s material. 
Revision of any problem areas raised.
10.15 - 13.00hrs Review and keypoints to be emphasized.
14.00 - lô.OOhrs Assessment
Multiple choice to be marked internally. Also 10-20 abnormal 
tracings for projection with related questions of MCQ type.
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Day 6 Lectures for 17th June (Repeated on 1st July)
08.30 - 09.30hrs Shock
Mechanism and effects. How and when shock arises. Clinical 
assessment Treatment with emphasis on the use of extended 
skills.
09.30 - 10.30hrs Medical Emergencies I
Differential diagnosis of coma. Adult poisoning with emphasis on 
extended skills. Special emphasis on: opiates, salicylates, 
tricyclics, barbiturates, hypoglycaemics, hazardous substances, 
chemicals, pesticides and herbicides.
10.45 - 11.45hrs
11.45 - 13.00hrs
Medical Emergencies n
Cerebrovascular disease. Hypothermia. Diabetic emergencies. 
Respiratory failure. Fits. Case histories.
Trauma Care
Recognition, assessment and potential complications. Glasgow 
Coma Scale. Clinical examination. Principles of care. Case 
histories.
14.00 - lô.OOhrs Service Protocols
Preparation and checking of equipmenLfor serviceability. Practice 
of Resuscitation Council Protocol with and without drugs.
Day 7 Lectures for 18th June (repeated on 2nd July)
08.30 - 09.30hrs
09.30 - 10.30hrs
10 45 - 11.45hrs
11.45 - 13.00hrs
14.00 - lô.OOhrs
Principles of Surgical Management
Clinical assessment. Examination of patient Indication for infusion 
and intubation. Choice of fluid. Differential diagnosis of the acute 
abdomen. Fluid loss. Case studies.
Pain Relief Importance of pain relief. Methods available. Case 
examples.
Missile Injuries
Problems and precautions in management of gunshot and blast 
injuries with emphasis an assessment, immediate management 
and indications for additional medical support
Abdominal Emergencies
Recognition and initial management of obstructed bowel, 
pancreatitis, GU disorders, liver, spleen, aortic aneurysm and GIT 
haemorrhage.
Service Protocols Defibrillator protocols. Drug administration. 
Airway management
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Day 8 Lectures for 19th June (Repeated on 3rd July)
08.30 - 09.30hrs Multiple Injuries
Recognition, possible complications. Problems and precautions in 
management Indications for additional medical support.
09.30 - 10.30hrs Head and Spinal Injuries Recognition. Precautions. Initial
management. Glasgow Coma Scale.
10.45 - 11.45hrs Chest Injuries
Initial management of blunt and penetrating injuries of the chest.
11.45 - 13.00hrs Bums and Their Complications
Classification. Assessment Immediate management 
Complications, particularly involving extended skills. Electrical 
injury.
15.00 - lô.OOhrs Service Protocols
Infusion arms. Manikin. Defibrillator protocols.
Day 9 Lectures for 20th June (repeated on 4th July)
08.30 - 09.30hrs Paediatrics
Assessment. Indicators of severity. Principles of emergency 
management. Problems of CPR, infusion and intubation.
09.30 - 10.30hrs Paediatrics
Respiratory conditions. Child abuse. Sudden infant death.
10.45 - 11.45hrs Basic Life Support I
11.45 - 13.00hrs Basic Life Support II
Basic life support technique. Understanding CPR. Practical 
problems of single-handed resuscitation and transit
14.00 - lô.OOhrs Tutorial
Wrap-up session. Review of work. Summary of points to be 
emphasized. Problems raised by class.
Day 10 Assessments for 21st June (Repeated an 5th July)
A.M. Theory Multiple choice paper. ECG interpretation.
P.M. Practical and Oral
Service Medical Adviser 
A & E Specialist 
Cardiologist
External Ambulance Training Officer
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Appendix 1.3 London Ambulance Service 
Coronary Care Report
Date Time of call Call Sign Authorised User
Name
Station
Location of call
Patients Name Age Sex Address
VITAL SIGNS ON ARRIVAL PROTOCOL COMMENCED TIME
Pulse rate Precordial Thumo
Respiratory rate DC Shock 200 J
Colour signs DC Shock 200 J
Witnessed arrest DC Shod< 400 J
ECG MONITOR READING
INTUBATION CARRIED OUT
Sinus Rhythm Lignocaine 200 Mg ET
Sinus Bradycardia DC Shock 400 J
Sinus Tachycardia Adre' aline 20 Ml ET
Atrial Flutter
Atrial Fibrillation
Ventricular Tachycardia ASYSTOLE PROTOCOL
Ventricular Fibrillation
Ventricular Ectopics Atropine 2 Mg ET
Adrenaline 20 Ml ET
Others ( Specify ) Isoprenaline lOOpg IV
For Patients displaying symptoms of possible
Time IVI. sited Cardiac origin not requiring above protocols
Dextrose 5 % Batch No Respiratory rate
Pulse rate
Hartmann's " Batch No Location of pain
Type of pain described
Duration of pain
Haemaccel Batch No Any previous episodes
f\^onitor reading
Blood Pressure
On Arrival was resuscitation being Colour signs
carried out Og Therapy
No Ye s NgO Therapy
History to be recorded overleaf
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APPENDIX 3.1 AUTOMATED EXTERNAL DEFIBRILLATORS
1) The PhysioC ontror'L ifePak 200" AED
PHVaOCONTROL
UFEPAK200- -  .V  "
I PUSHTO CHECK PULSEANALYZE ECG
2) The Laerdal "Heartstart 2000" AED
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APPEN D IX  4.1
ASSESSMENT OF ECG STRIPS PRESENTED TO THE "LIFEPAK 200" 
AUTOMATED ADVISORY DEFIBRILLATOR (AED)
AED's are intended for use by minimally trained hospital staff, ambulance staff and 
lay people.
These ECG examples were collected from patients suffering pre-hospital cardiac 
arrest in London  ^who were treated by ambulance staff using the AED as an adjunct 
to basic life support. The rhythms were analysed in the field by the AED, and 
defibrillatory shocks were administered in cases where the device detected 
ventricular fibrillation.
The accuracy of the rhythm analysis component of these devices is expressed in 
terms of sensitivity for VF and specificity for non-VF. In general, the more 
sensitive the detection system, the less specific, and vice versa. 100% sensitivity 
and specificity would be ideal, but this is beyond the capabilities of current 
technology. The optimum balance of sensitivity and specificity has not been 
universally agreed upon.
685 ECG strips in total were collected. These have been separated into six sets of 
100, W  one set of 90, and one set of 95 strips. 2 cardiologists will be asked to 
assess each set of strips.
The aim of this research is:-
1. To assess the sensitivity and specificity of the "Lifepak 200" AED.
2. To pool the opinions of a number of experts to try and ascertain an 
optimum level of sensitivity and specificity.
3. To confirm the rhythm categories assigned by the researcher.
Please take note of the following guidelines:-
1. Traces are calibrated to 1 mV.
2. Include ventricular standstill in asystole category.
3. Include in "artefact" section if the rhythm cannot be determined due to the 
presence of artefact.
4. Since there is no universally accepted criteria for fine VF, define according 
to your own clinical practise.
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APPENDIX 5.1
DISTRIBUTION OF PROTOCOL SEQUENCE ERRORS PER CASE (CARDIAC PATIENTS)
Number Of Errors Per C ase
No
Errors
1
Error
2
Errors
3
E rrors
Total
E rrors
In terposed  CPR 0 11 8 3 22 (35%)
S tand Clear 0 4 4 5 13 (21%)
V olts 0 4 3 5 12 (19%)
S h o c k s 0 4 3 2 9 (14%)
R e an a ly se 0 4 0 0 4 (6%)
Total errors 0 27 18 15 6 0
Number of ca se s 22
(35% )
27
(43% )
9
(14% )
5
(8% )
6 3
NUMBER (%) OF PATIENTS MOVED OR INTUBATED BEFORE AED ATTACHED 
(PATIENTS WITH CARDIAC CAUSE OF ARREST WHO RECEIVED SHOCKS)
Y es No Unable To A ssess/ 
Not A pplicable
Total
Moved First 16 (25%) 45 (72%) 2 (3%) 6 3
Intubated First 4 (6%) 20 (32%) 39 (62%) 6 3
AED Attached First 40 (63%) 18(29%) 5 (8%) 6 3
TIME FROM AMBULANCE ARRIVAL TO ACTIVATION OF AED 
(CARDIAC PATIENTS WHO RECEIVED SHOCKS)
All cases*
AED attached first
Patients moved 
before AED attached
P atien ts  Intubated 
before AED attached
No
of ca se s
63
40
16
Time
R e p o rted
62 (98%)
40 (100%)
16 (100%)
3 (83%)
M edian
(M inutes)
4
3
R a n g e
(M inutes)
1-10
1-10
2-10
2-5
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APPENDIX 6.1 PRE-COURSE INFORMATION
Dear Member,
I'm delighted that you have decided to undertake a course in defibrillation at St 
John.
The machine you will be taught to use is known as an Automated External 
Defibrillator. These devices have been extensively "tried and tested" in the United 
States, and individuals of all ages and occupations have been successfully taught to 
use them.
This will be the first venture into defibrillation training by the SL John Ambulance. 
It is hoped that this experience will promote the acceptance of defibrillation as an 
extension to the "ABC" of Basic Life Support for a much wider range of rescuers in 
the United Kingdom. This venture, and your participation are therefore very 
important.
Ive enclosed a package of information which I hope will assist your learning of the 
skill. It would be excellent preparation to read the contents of the package before 
attending the course, as this will help you to gain an understanding of what is to be 
covered, and prepare you for the short course assessment.
Course Details:-
Date The first date of your course will be Sunday 25 March. Please arrive by 
1445hrs. to start promptly at 1500hrs. The course will be completed by 1830 
hours.
Location Edwina Mountbatten House, York Street
hi case of any problems, please contact me on 708-5049.
This will be an exciting venture for all of us, and I look forward to meeting you 
soon.
Good Luck, 
yours sincerely.
Geraldine Walters BSc RGN 
Course Co-ordinator
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APPENDIX 6.1 PRE-COURSE INFORMATION (Cont'd)
CONTENTS
1. What you will learn during the course
2. Background
What is ventricular fibrillation and defibrillation? Summary - the importance of 
early defibrillation What is a defibrillator? What is an Automatic defibrillator?
3. The Laerdal "Heartstart 2000"
Description 
Voice prompts
4. Protocol
5. Course details
Timetable 
Registration form
WHAT YOU WILL LEARN DURING THE COURSE
1. What happens during cardiac arrest, why rapidly administered basic life 
support and defibrillation are important for survival.
2. How cardiac arrest is treated
3. How to operate the controls of the Laerdal "Heartstart 2000" automatic 
defibrillator.
4. How to attach the defibrillator correctly
5. How to follow the set protocols for use of the defibrillator
6. How to use incorporate use of the defibrillator with basic life support, according 
to set protocols for patients who require defibrillation and those who do not.
7. How to troubleshoot any problems which may occur.
8. How to accurately report what treatment has been given
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APPENDIX 6.1 PRE-COURSE INFORMATION (Cont'd)
WHAT IS VENTRICULAR FIBRILLATION?
The normal heart beat is controlled by an organized wave of electricity which passes 
from the top of the heart to the bottom, causing the heart muscle cells to contract 
and relax in an orderly fashion. This results in the heart beating, which pumps the 
blood around the body.
A common complication following heart attack is j ^ t  the organized wave of 
electricity is lost, and Ventricular Fibrillation or VF. an abnormal, disorganized 
rhythm, takes over. The heart muscle cells do not contract and relax in an orderly 
fashion. As a result, there is no heart beat, blood is not pumped around the body, 
and the patient has cardiac arrest.
WHAT IS DEFIBRILLATION?
The treatment for VF is defibrillation. This is a very simple treatment. An electrical 
shock is sent through the heart, via the chest wall. The defibrillatory shock 
momentarily stops all electrical activity in the heart, and causes all the heart muscle 
cells to contract at once. The eventual effect of this is, hopefully, to restore the 
hearts own organized wave of electricity.
Defibrillation is the only effective treatment for VF. Chest thumps, drug treatment 
or basic life support will NOT convert VF to a normal heart rhythm.
THE IMPORTANCE OF EARLY DEFIBRILLATION
The majority of deaths following heart attacks occur within 1 hour of the onset of 
symptoms, usually before patients are admitted to hospital. Most of these deaths are 
a result of VF.
It has been found that in 89% of people who sinvive a cardiac arrest, VF was the 
cause, and that VF can be converted to a normal heart rhythm in as many as 95% of 
patients if defibrillation is administered quickly enough. However, the heart only 
remains in VF for a few minutes, and if no action is taken within this time, the heart 
muscle begins to die due to lack of blood supply and the chances of successful 
resuscitation are negligible.
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APPENDIX 6.1 PRE-COURSE INFORMATION (Cont’d) 
SUMMARY-
1. Most people who collapse in sudden cardiac arrest are in VF
2. The most effective heatment for VF is electrical defibrillation
3. VF fades away within a few minutes
4. The effectiveness of defibrillation for successful conversion of VF decreases 
rapidly with each passing minute.
For adult patients in VF to siu-vive neurologically intact, a defibrillator must be 
brought to their side as soon as possible. Basic CPR prolongs the period of 
ventricular fibrillation, and contributes to preservation the of heart and the brain. 
Basic CPR does NOT defibrillate a heart in VF.
WHAT IS A DEFIBRILLATOR?
Defibrillators usually consist of;-
1. a rechargable battery,
2. a capacitor in which the energy is stored until the operator wishes to deliver the 
shock,
3. 2 pads or paddles through which the shock is discharged,
4. a switch enabling the operator to select the required energy.
WHAT IS AN AUTOMATIC DEFIBRILLATOR?
Defibrillation was originally a skill reserved for those people trained in all aspects of 
advanced cardiac life support, since specialised training in ECG rhythm recognition 
was required to identify ventricular fibrillation.
Automatic Defibrillators eliminate the need for training in ECG rhythm 
recognition, because, in addition to the standard components of a conventional 
defibrillator, the machine incorporates a device which is capable of recognizing 
VF. Therefore, use of these devices has increased the pool of potential defibrillator 
operators to include personnel with training in basic life support only.
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APPENDIX 6.1 PRE-COURSE INFORMATION (Cont’d)
OPERATION OF AUTOMATIC DEFIBRILLATORS
Automated defibrillators can be operated by following four simple steps:
1. Attach the device
2. Turn the power on
3. Initiate analysis of the rhythm
4. Deliver the shock, if indicated
THE LAERDAL ’’HEARTSTART 2000’’ SEMI-AUTOMATIC ADVISORY 
DEFIBRILLATOR
A detailed photograph can be seen in the middle of the accompanying brochure, 
but the 3 main parts to the machine are as follows:-
1. Electrodes or pads
2 large circular gelled pads, which attach to the patients chest
2. Cables
2 cables, which are attached to the pads, one has a red connection, the other has a 
white connection.
3. The Defibrillator
The main features of the defibrillator itself areii) a lid which swings open to reveal 
an ECG monitor ii) a lower command display on which messages are displayed for 
the user iii) 3 control buttons (at the bottom of the command display), used to
1. initiate ECG analysis
2. deliver the shock
3. adjust the energy of the shock, if necessary
Information is given to the user in 2 ways, audible voice prompts, and written 
information via the command display.
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VOICE PROMPTS
••STAND CLEAW
REASON;— This prompt will occur after the operator has pressed the analyse 
control, to remind the operator and bystanders to stop CPR or any activity which 
could interfere with ECG analysis, and to stand clear of the patient
••PRESS TO SHOCK ••
REASON This prompt occurs when VF has been detected and the device is 
charged. The operator is required to press the "shock" control to deliver the shock
••CHECK PATIENT^
REASON: The device has detected that the patient's heart rhythm has changed and 
may require a shock
ACTION: -
Always stop CPR and press analyse if this prompt occurs 
••CHECK ELECTRODES^^
REASON: Some problem with the connection betweeen the device and the patient 
ACTION: -
Make sure the electrodes are fastened to the pads properly, and that the pads are 
properly attached to the patient. If the patient's skin is very sweaty or the chest is 
very hairy, you may need to wipe the skin dry, trim the cheat hair and apply new 
pads if this prompt continues.
Alternatively, there may be movement of the patient, if someone is performing 
CPR, or if the patient is breathing, or you are transporting the patient. The device 
will not operate properlv under these circumstances.
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PROTOCOL FOR USE OF THE DEFIBRILLATOR
(Please see the accompanying protocol sheet) The protocol is based on you and 
another person, who is not necessarily trained in defibrillation, working together as 
a team. This person could be another SJA member or anyone capable of performing 
CPR. As the defibrillation trained person, you will be in charge of the situation. 
You will be dealing with the defibrillator, and your colleague will perform basic life 
support at your request, enabling you to concentrate on defibrillation.
The steps of the protocol are as follows :-
1 verify cardiac arrest in the usual way
2 instruct your colleague to begin CPR
3 attach the defibrillator
4 stop CPR
5 initiate analysis of the ECG
6 the machine will then give one of two messages,
"Shock indicated" or "No shock indicated"
The following steps in both cases are expressed diagrammatically on the protocol*. 
You may find this diagram confusing at this stage. Don't worry! The practical 
demonstration during the course will be easier to follow. Just try to get the general 
idea for the time being.
* see appendix 6.3
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COURSEÆIMETABLE (Four Hour)
09.00 Introduction
09.10 Lecture:- What happens during cardiac arrest, how to 
improve chances of survival
09.30 Lecture:-How to treat VF
09.40 Demonstration:- The Laerdal "Heartstart 2000"
Automated Defibrillator
10.00 Tea
10.15 Demonstration:- Treatment Protocols
10.30 Practical Demonstration
10.45 Practical Session In Small Groups
11.3 0 Demonstration
11.45 Practical Session hi Small Groups
12.30 Reporting And Documentation, Machine Maintenance Skills 
Maintenance.
13.00 Lunch And Course Assessment
COURSE TIMETABLE (Two Hour)
15.00 Introduction:-
What Happens During Cardiac Arrest,
How To Improve Chances Of Survival 
How To Treat VF
Demonstration:- The Laerdal "Heartstart 2(XX)"
Automated Defibrillator 
Demonstration:- Treatment Protocols
15.30 Practical Session In Small Groups
16.00 Demonstration
16.10 Practical Session In Small Groups
16.50 Reporting And Documentation, Machine Maintenance
17.00 Tea Break And Course Assessment
3 6 8
APPENDIX 6.2 TRAINING PROGRAMME NOTES
FOUR HOUR COURSE
INTRODUCTION
Welcome and introduction. Point out "what you will learn during the course" section of 
pre-course information, to be refered to during the individual sessions.
LECTURE 1 BASIC CARDIOLOGY (20 minutes)
The normal heart, what it needs to beat, (using overheads 1 and 2)
OVERHEAD 1.
Anatomical drawing o f the heart 
OVERHEAD 2.
What the heart needs in order to beat:-
1 . heart muscle
2. electricity
3 . electricity to be in an organised "wave"
Therefore in an arrested patient, the problem could be one of three things, we can tell 
which by looking at the patients ECG or heart tracing, which is actually the wave of 
electricity (use overhead 3)
OVERHEAD 3.
Show three ECG traces, sinus rhythm, asystole, VF. I f  the patient is 
unconscious and pulseless, what is the problem in each case?
Asystole, no electricity.
Sinus rhythm, organised electricity, but the heart is not beating.
Ventricular Fibrillation, electrical activity, but it is disorganised.
For asystole and electromechanical dissociation, a combination of treatments required, 
but smvival rates are very poor. VF has the highest survival rate, the treatment is very 
simple, and is called defibrillation. Defibrillation "reorganises" the disorganised 
electrical activity.
Examples of types of patient who may need defibrillation, and those who usually don't,
i.e. children, trauma victims.
Chain of survival (use overheads 4 and 5)
OVERHEAD 4.
1. Witnessed arrest
2. Patient in VF
3. Bystander CPR within four minutes
4. Advanced cardiac life support (defibrillation) within eight
minutes.
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Flow chart to show how important these factors are:-
OVERHEAD 5.
"In 99 patients with these variables unfavourable, only 1 
survived. In 21 patients with these factors in their favour,
15 survived (Eisenberg et al 1981)"
The importance of speed. Survival rates are poor in London, few people are reached 
within eight minutes, someone present at the scene of cardiac arrest could defibrillate, 
the patient would stand a much better chance of siuwival. Therefore the skill would be 
very useful to St John members.
The issue which has prevented widespread defibrillation has been that in order to know 
which patients need a shock and which don't, rescuers needed the ability to interpret the 
ECG. Now, automated defibrillators are able to do this.
Summary;-
OVERHEAD 6
For a good chance o f survivaU- 
VF must be the cause o f arrest, 
it's EASY to treat.
But, BLS and defibrillation must be administered  
RAPIDLY, and, YOU can do it!
Questions and answers
DEMONSTRATION OF AED (25 minutes)
The first aim is to learn how to use the AED without thinking about the patient, then 
later, put the two together.
There are three basic parts to the AED
1. Pads or electrodes, where stored, demonstration.
2. Cables, where stored, how to attach to electrodes
Correct attachment of electrodes to patient, importance of positioning, what to do if pads 
won't stick, pads shouldn't touch, there should be nothing inbetween.
3. The defibrillator switching on, draw attention to screen and it's written 
instructions. (Attach ECG rhythm simulator, explain it's use). Demonstrate the three 
AH) controls. Demonstrate voice prompts ("check patient", "check electrodes", "stand 
clear", "press to shock"). Troubleshooting. Problems which may occur and the 
appropriate action, importance of using the AED when stationary. Demonstrate the 2 
consequences of activating the "analyse" button, ie no shock advised and shock 
advised. Introduce importance of saying "stand clear" whenever shock button is about 
to be pressed, even in the classroom.
Three defibrillators are available at this point for each group of 6-7 people, encourage to 
open machine, find electrodes and cables, operate controls when shock advised and no 
shock advised. One instructor available to each group for questions and answers.
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Tea break (15 minutes)
LECTURE 2;- THE TREATMENT OF VF (10 MINUTES)
UK resuscitation guidelines for the treatment of VF
OVERHEAD 7.
Treatment o f VF: 
defibrillate 200j 
defibrillate 200j 
defibrillate 360j 
drugs
defibrillate 360j 
drugs
repeated defibrillations o f 360j
NB:- the majority o f patients who are successfully resuscitated require 1 
or 2 early shocks without drug administration
INTRODUCTION AND DEMONSTRATION OF 2 SIMPLE PROTOCOLS 
(20 MINUTES)
Stress that speed is important. The AED must be used as soon as possible, don’t move 
the patient first.
All protocols first drawn out in the form of a flow chart on the board. Afterwards, 
demonstrated slowly by two instructors, while fgUowing the flow chart on the board.
Students taught to perform the protocol as if they were with a non-defibrillation trained 
colleague or bystander, and are in charge of the situation. After each protocol has beœ 
performed, a report is given according to the following format:-
1. Patient had a cardiac anest
2. Whether shocks were given
3. Whether a pulse was restored or not
Protocol 1:- when no shocks are advised
Recap that a patient in cardiac arrest may be in VF and need a shock, but may not.
Defibrillator operator must first verify cardiac arrest correctly - establish 
unresponsiveness, open airway and check for breathing, give 2 breaths (if this hasn’t 
already been done), check pulse for 5 seconds. Once arrest is verified, ensure CPR is 
resumed by colleague or bystander. Open and attach AED. Stop CPR, clear the patient, 
press analyse, demonstrate "no shock" protocol.
Protocol 2:- when many shocks are advised
Recap that patients in VF may not respond to electric shocks, therefore multiple shocks 
may be advised.
Verify arrest, resume CPR, attach AED, stop CPR, press analyse, shock advised, 
demonstrate multiple shock protocol.
3 7 1
APPENDIX 6.2 TRAINING PROGRAMME NOTES (Cont'd)
PRACTICAL SESSION (45 minutes)
Class splits into groups of 6-7 people, headed by an instructor, to practise the first two 
scenarios. During practical sessions, instructors were told to ask for a report on the 
patient after can^dates had performed each scenario, and periodically ask candidates 
what they would do if the electrodes were loose, why might the AED prompt "check 
electrodes" occur, why might the AED not work properly etc.
DEMONSTRATION OF MORE COMPLICATED PROTOCOL 
(15 minutes).
Point out that the ECG may alter during the arrest from VF to other rhythms which 
don’t require shocks, in this case a mixture of shock advised and no shock advised 
messages will be given.
Demonstrate, Verify arrest, resume CPR, attach AED, stop CPR. 1 shock is indicated, 
followed by "no shock" on second analysis. Operator therefore follows "no shock" 
protocol, ie check pulse, if no pulse, resume CPR for 2 minutes. Voice prompt, "check 
patient" is introduce, indicating patient may now need a shock. Correct operator action 
is then to stop CPR, and resume "shock protocol" ie, analyse, shock is advised, shock 
given, operator then analyses again, no shock is then advised, therefore operator checks 
pulse, at this point pulse is restored.
Point out that the aim of this protocol is to demonstrate how the different lines of action 
in the previously learned protocols overlap. Introduce "Golden Rules" (see post course 
information).
PRACTICAL SESSION (60 MINUTES)
Covering the above protocol, and when students are confident, different protocol 
variations. For the second practical session, instructors were asked to head a different 
group of students.
LECTURE (30 MINUTES)
Safety aspects, service and machine maintenance, and medical control. Give out post­
course information, covering these aspects.
Final questions and answers.
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2 HOUR COURSE
INTRODUCTION 
LECTURE 1
BASIC CARDIOLOGY (10 MINUTES)
The heart needs three things to beat, heart muscle, electricity, and the electricity to be in 
an organised wave. One of the most common causes of cardiac arrest occurs when the 
electrical rhythm becomes disorganised, this rhythm is called Ventricular Fibrillation, or 
VF. Explanation of VF/defibrillation. Inertance of speed of treatment. Defibrillation is 
an easy treatment to administer, but not all patients in cardiac arrest need a shock. 
Automatic defibrillators will intapret the ECG rhythm and advise the operator whether 
the patient needs a shock or not. The purpose of today is to teach you how to operate 
one of these devices.
DEMONSTRATION OF AED (15 MINUTES)
As for four hour course, but groups are encouraged to open AED as the various parts 
are being described, with less time spent investigating the machine following the 
demonstration.
TREATMENT OF VF (5 minutes)
Using overhead of resuscitation council guidelines.
DEMONSTRATION OF SIMPLE PROTOCOLS (10 MINUTES) 
PRACTICAL SESSION (30 MINUTES)
DEMONSTRATION OF COMPLEX PROTOCOL (10 MINUTES) 
PRACTICAL SESSION (30 MINUTES) LECTURE (10 MINUTES)
Refer to service, safety and maintenance sections in post-course information.
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APPENDIX 6.4 POST COURSE INFORMATION
TWO FINAL POINTS!
YOU MAY NOT USE THIS SKILL VERY OFTEN, BUT WHEN 
YOU NEED TO DO SO IT WILL BE A LIFE OR DEATH 
SITUATION, AND ITS IMPORTANT TO GET IT RIGHT.
1 . SKILLS MAINTENANCE
Reading through your package of Information at intervals will help to 
remind you of the protocol, how to operate the AED and how to troubleshoot any 
problems which might occur.
2 . SPEED
1. You must use the defibrillator as soon as possible, remember that 
SPEED is very important.
2. ALWAYS take the defibrillator with you to a potential cardiac arrest victim - 
don’t take the patient back to the ambulance first
3. If à patient arrests in a moving ambulance, stop the vehicle before using the 
defibrillator
DEVICE CHECKS
Pre-shift checks
1. Check unit and cables for damage. Ensure patient cable is attached at the 
machine end
2. Open cover and verify that the device turns on, and that the self test OK 
message appears
3. Verify that the clock time is correct
4. Ensure that the memory module? message is not displayed
5. If Needs service, Low battery, or Service mandatory messages appear, 
follow advice given op "corrective action" instructions
6. Ensure that the Check electrodes message is given
7. Ensure that 2 or 3 packs of defibrillation electrodes, spare battery, razor, and 
wipes are available
Post-use checks
1. All above items
2. Replace all the used items, including the battery and medical control module.
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POST COURSE INFORMATION
GOLDEN RULES
1. Verification of cardiac arrest! ! (by the book! I) don't forget! !
2. Never "analyse" or defibrillate in a moving vehicle
3. Always take the defibrillator to the patient and use immediately
NO SHOCK ADVISED
Whenever no shock is advised:-
1. Check the pulse
2. Commence CPR
3. Transport, leave machine on
WHEN SHOCKS ARE GIVEN
After 3 shocks:-
1. Check pulse
2. Recommence CPR
3. Reanalyse if machine prompts "check patient"
4. Transport, with machine on
After 6 shocks:-
1 . Close machine
2. Transport, with CPR if no pulse
"CHECK PATIENT"
Always stop and reanalyse
IF IN DOUBT
Carry on CPR and transport!
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COMPARISON OF AGE DISTRIBUTION IN EXPERIMENTAL 
GROUPS AT TRAINING
VALUES = NUMBER (%) OF PEOPLE
A g e  N u r s e  Lay Tw o F o u r
< 29 17 (38%) 27 (44%) 23 (41%) 21 (41%)
E x p e c t e d
v a lu e s  19 25 23 21
3 0 - 3 9  10 (22%) 11 (18%) 11 (20%) 10 (20%)
E x p e c t e d
v a lu e s  9 12 11 10
4 0 - 4 9  8 (18%) 17 (28%) 13 (23%) 12 (24%)
E x p e c t e d
v a lu e s  11 14 13 12
> 5 0  10(22%) 6(10%) 9(16%) 7(14%)
E x p e c t e d
v a lu e s  7 9 9 8
P  > 0 . 0 5  > 0 . 0 5
(Chi-square%)
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COMPARISON OF AGE DISTRIBUTION IN EXPERIMENTAL 
GROUPS AT THREE MONTHS
VALUES = NUMBER (%) OF PEOPLE
A g e  N u rs e  Lay Tw o F o u r
^  29 14 (39%) 25 (44%) 20 (43%) 19 (41%)
E x p e c t e d
v a lu e s  15 24 20 19
3 0 - 3 9  7(19%) 10(18%) 9(20%) 8(17%)
E x p e c t e d
v a lu e s  7 10 9 8
4 0 - 4 9  6 (17%) 16 (28%) 10 (21%) 12 (26%)
E x p e c t e d  v / \ /
values 9 14 11 11
9(25%) 6 (11%) 8(17%) 7(15%)E x p e c t e d  x / \ /
v a lu e s  6 9 8 7
P  > 0 . 0 5  > 0 . 0 5
(Chi-square%)
APPENDIX 7.2
FAILURES AT LEVEL ONE AT THREE MONTHS
Values=number (%) of people who failed
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Verification Attachment Defibrillation
Number of 
failures
Nurse 2 hour 
Nurse 4 hour 
Lay 2 hour 
Lay 4 hour
42
7 (17%) 
9 (21%) 
13 (31%) 
13 (31%)
2 (25%)
3 (37%)
1 (13%)
2 (25%)
21
7 (33%) 
3 (14%) 
6 (29%) 
5 (24%)
FAILURES AT LEVEL TWO AT THREE MONTHS (IN PEOPLE WHO PASSED LEVEL ONE)
Defibrillation
Number of 
failures 
Nurse 2 hour 
Nurse 4 hour 
Lay 2 hour 
Lay 4 hour
0
0
2 (100%) 
0
No Shock 
2 2
3 (14%)
3 (14%)
9 (41%)
7 (32%)
Check
Patient
11
3 (27%) 
1 (9%)
3 (37%)
4 (36%)
Pulse
Restored
25
5 (20%) 
1 (4%) 
10 (40%) 
9 (36%)
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TOTAL NUMBER OF PEOPLE PASSING OR FAILING EACH SECTION IN 
EXPERIMENTAL GROUPS AT THREE MONTHS
Values =Number (%) Of People
N urse  Lay 2 Hour 4 Hour
V erification
P a s s  20 (56%) 31 (54%) 27 (57%) 24 (52%)
Fall 16 (44%) '^26 (46%) 20 (43%) 22 (48%)
p > 0 .0 5  > 0 .0 5
A ttach m en t
P a s s  30 (83%) 53 (93%) 43 (91%) 40 (87%)
Fall 6(17%) 4(7%) 4(9%) 6(13%)
p > 0 .0 5  > 0 .0 5
D efibrillation
P a s s  26 (72%) 40 (70%) 30 (64%) 36 (78%)
Fall 10 (28%) 17 (30%) 17 (36%) 10 (22%)
P >0.05 > 0 .0 5
No Shock
P a s s  14 (39%) 24 (42%) 18 (38%) 20 (43%)
Fall 22 (61%) 33 (58%) 29 (62%) 26 (57%)
P > 0 .0 5  > 0 .0 5
Check Patient
P a s s  26 (72%) 43 (75%) 36 (77%) 33 (72%)
Fall 10 (28%) 14 (25%) 11 (23%) 13 (28%)
P > 0 .0 5  > 0 .0 5
Pulse R estored
P a s s  15 (42%) 12 (21%) 13 (28%) 14 (30%)
Fall 21 (58%) 45 (79%) 34 (72%) 32 (70%)
p > 0 .0 5  > 0 .0 5
Q uestions (All Correct)
P a s s  18 (50%) 14 (25%) 11 (23%) 21 (46%)
Fall 18 (50%) 43 (75%) 36 (77%) 25 (54%)
P < 0 .0 5  < 0 .0 5
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APPENDIX 7.4
COMPARISON OF AGE OF VOLUNTEERS PASSING AND FAILING INDIVIDUAL 
SECTIONS AT THREE MONTHS
Values = Age in years
P a s s
Mean (Median) 
Range
V erification
34 (29) 
18-66
A ttach m en t
35 (32) 
18-62
D efibrillation
33 (30)
18-62
Fall
Mean (Median)
Range
P
38 (41) 
19-58 
> 0 .0 5
42 (44) 
25-66 
> 0 .0 5
42 (42) 
19-66 
< 0.01
P a s s
Mean (Median) 
Range
No Shock
32 (28) 
18-62
C h eck
P a tie n t
34 (32) 
18-66
P u ls e
R e s to re d
34 (29) 
19-62
Fall
Mean (Median)
Range
P
38 (37) 
19-66 
< 0 .0 5
40 (40) 
20-62 
> 0 .0 5
36 (36) 
18-66 
> 0 .0 5
P a s s
Mean (Median) 
Range
Q u e s tio n s
30 (26) 
18-62
Fall
Mean (Median) 
Range
39 (38) 
19-66 
< 0 .0 1
P=T-Test
P*=Mann-Whitney
3 8 1
APPENDIX 7.5
D)
C
I
I
'" Uc
8
FAILURE AT INDIVIDUAL POINTS OF THE 
ASSESSMENT AT THREE MONTHS
60 r
1 2 3 4 5 6 7 8 9 10 11 1213 1415 1617 18 19 20 21 22 23 24 25 26 27 28 29
Points
CHARACTERISTICS OF PEOPLE FAILING AT SELECTED 
POINTS OF THE SCENARIO AT THREE MONTHS
0}
I
'" Ucs
0>
E
3
z J
■I
I
.1
V17 V18 V26 V27
■  NURSE/2 HOUR 
S NURSE/4 HOUR 
E  LAY/2 HOUR 
□  LAY/4 HOUR
Points
3 8 2
APPENDIX 7.6 COMPARISONS OF GROUPS ATTENDING ON EACH 
TRAINING DAY AT THREE MONTHS
Values = Number Of People {%)
N urse
Lay
P
Day One
14 (45%) 
17 (55%) 
> 0 .0 5
Day Two
12 (40%) 
18 (60%)
Day Three
10 (31%) 
22 (69%)
2 Hour 
4 Hour 
P
15 (48%)
16 (52%) 
> 0 .0 5
16 (53%) 
14 (47%)
16 (50%) 
16 (50%)
Age <29 
Age 30-39 
Age 40-49 
Age >50 
P
12 (39%) 
8 (26%) 
4(13% ) 
7 (22%) 
> 0 .0 5
15 (50%)
4 (13%)
6 (20%)
5 (17%) '
12 (38%) 
5(16% ) 
12 (38%) 
3 (9%)
PASS RATES FOR EACH TRAINING DAY
Day One Day Two Day Three
Level One
P a s s
Fall
P
14 (45%) 
17 (55%) 
> 0 .0 5
16 (53%) 
14 (47%)
11 (34%) 
21 (66%)
Level Two/Level Three
P a s s
Fall
P
2 (7%) 
29 (93%) 
> 0 .0 5
2 (7%) 
28 (93%)
4 (12%) 
28 (88%)
P=Chl-Square
P*= Mann-Whitney
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APPENDIX 7.7
TOTAL NUMBER OF PEOPLE PASSING OR FAILING EACH SECTION ON EACH 
DAY AT THREE MONTHS
Values =Number (%) Of People
V erification
Day Day Day
1 2 3
P a s s  18 (58%) 19 (63%) 14 (44%)
Fall 13 (42%) 11 (37%) 18 (56%)
P >0.05
A ttach m en t
P a s s  27 (87%) 25 (83%) 31 (97%)
Fall 4(13% ) 5(17%) 1(3%)
P >0.05
D efibrillation
P a s s  24 (77%) 27 (73%) 20 (94%)
Fall 7(23%) 8(27%) 12(6% )
P >0.05
No Shock
P a s s  11 (36%) 12 (40%) 15 (47%)
Fall 20 (64%) 18 (60%) 17 (53%)
P >0.05
Check P atient
P a s s  23 (74%) 19 (63%) 27 (84%)
Fall 8(26% ) 11(37% ) 5(16%)
P >0.05
P ulse R esto red
P a s s  11(35%) 9(30%) 7(22%)
Fall 20 (65%) 21 (70%) 25 (78%)
P >0.05
Q uestions (All Correct)
P a s s  10 (32%) 12 (40%) 10 (31%)
Fall 21 (68%) 18 (60%) 22 (69%)
P >0.05
P = Chi-Square
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APPENDIX 8.1
COMPARISON OF AGE DISTRIBUTION IN EXPERIMENTAL 
GROUPS AT SIX MONTHS
VALUES = NUMBER (%) OF PEOPLE
A g e  N u r s e  Lay Tw o F o u r
< 29 11 (34%) 23 (46%) 16 (41%) 18 (42%)
E x p e c te d
v a lu e s  13 21 16 18
3 0 - 3 9  6(19%) 10(20% ) 8(21% ) 8(19%)
E x p e c te d
v a lu e s  6 10 8 8
4 0 - 4 9  6(19% ) 12(24%) 8(21% ) 10(23% )
E x p e c te d
v a lu e s  7 11 8 9
> 5 0  9(28%) 5(10%) 7(18%) 7(16% )
E x p e c te d
v a lu e s  6 9 7 7
P > 0 .0 5  > 0 .0 5
(Chi-square)
APPENDIX 8.2
FAILURES AT LEVEL ONE AT SIX MONTHS
Values=number (%) of people ^ o  failed
3 8 5
Verification Attachment Defibrillation
Number of 
failures
Nurse 2 hour 
Nurse 4 hour 
Lay 2 hour 
Lay 4 hour
27
5 (19%) 
5 (19%)
8 (30%)
9 (32%)
0
1 (25%)
2 (50%) 
1 (25%)
1 0
3 (30%) 
3 (30%) 
3 (30%) 
1 (10%)
FAILURES AT LEVEL TWO AT SIX MONTHS (IN PEOPLE WHO PASSED LEVEL ONE)
Defibrillation No Shock Check Pulse
Patient Restored
Number of 
failures
Nurse 2 hour 
Nurse 4 hour 
Lay 2 hour 
Lay 4 hour
0
2 (29%)
2 (29%)
3 (42%)
1 4
2 (14%)
4 (29%)
5 (36%)
3 (21%)
0
3 (42%) 
2 (29%) 
2 (29%)
15
4 (27%) 
2 (13%)
4 (27%)
5 (33%)
FAILURES AT LEVEL THREE AT SIX MONTHS, IN PEOPLE WHO PASSED LEVEL TWO
Reporting No Shock Check Electrodes
Number of 
failures
Nurse 2 hour
Nurse 4 hour
Lay 2 hour
Lay 4 hour
0
1 ( 17%) 
0
5 (83%)
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APPENDIX 8.3
TOTAL NUMBER OF PEOPLE PASSING OR FAILING EACH SECTION IN 
EXPERIMENTAL GROUPS AT SIX MONTHS
Values «Number (%) Of People
N urse Lay 2 Hour 4 Hour
V erification
P a s s  22 (69%) 33 (66%) 26 (67%) 29 (67%)
Fall 10(31%) 17(34%) 13(33% ) 14(33% )
>0.05 >0.05
A ttach m en t
P a s s  30 (94%) 46 (92%) 35 (90%) 41 (95%)
Fall 2(6%) 4(8%) 4(10%) 2(5%)
> 0 .0 5  >0.05
D efibrillation
P a s s  21 (66%) 44 (88%) 32 (82%) 33 (77%)
Fall 11(34%) 6(12% ) 7(18% ) 10(23% )
P < 0 .0 5  >0.05
No Shock
P a s s  16 (50%) 31 (62%) 20 (51%) 27 (63%)
Fall 16 (50%) 19 (38%) 19 (49%) 16 (37%)
P > 0 .0 5  >0.05
Check Patient
P a s s  24 (75%) 41 (82%) 33 (85%) 32 (74%)
Fall 8(25% ) 9(18% ) 6(15% ) 11(26% )
P > 0 .0 5  > 0 .0 5
P ulse  R estored
P a s s  14 (44%) 30 (60%) 19 (49%) 25 (58%)
Fall 18 (56%) 20 (40%) 20 (51%) 18 (42%)
P > 0 .0 5  > 0 .0 5
Q uestions (All Correct)
P a s s  15 (47%) 21 (42%) 19 (49%) 17 (40%)
Fall 17 (53%) 29 (58%) 20 (51%) 26 (60%)
P > 0 .0 5  > 0 .0 5
P=Chi-Square
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APPENDIX 8.4
COMPARISON OF MEAN AGE OF VOLUNTEERS PASSING AND FAILING INDIVIDUAL 
SECTIONS AT SIX MONTHS
Values = Age in years
P a s s
Mean (Median) 
Range
V erification
35 (32)
19-62
A ttach m en t
36 (33) 
18-66
D efibrillation
34 (30) 
18-62
Fall
Mean (Median)
Range
P
38 (36) 
18-66 
> 0 .0 5
38 (41) 
20-55 
>0.05
43 (43) 
22-66 
< 0.01
P a s s
Mean (Median) 
Range
No Shock
32 (28) 
18-62
C h eck
P a tie n t
34 (32) 
18-62
P u ls e
R e s to re d
33 (29) 
18-62
Fall
Mean (Median)
Range
P
41 (42) 
19-66 
< 0 .0 1
43 (45) 
24-66 
< 0 . 0 1
39 (38) 
19-66 
< 0 .0 5
P a s s
Mean (Median) 
Range
Fail
Mean (Median) 
Range
Q u e s tio n s
35 (31) 
19-62
37 (36) 
18-66 
> 0 .0 5
P=t-test
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APPENDIX 8.6
PASS RATES IN EACH SECTION AT SIX MONTHS OF VOLUNTEERS 
WHO ATTENDED DIFFERENT INITIAL TRAINING DAYS
Values=Number (%) Of People
Day
One
Day
Two
Day
T h re e
V erification
P a s s
Fail
P >0.05
18 (64%) 
10 (36%)
18 (64%) 
10 (36%)
19 (73%) 
7 (27%)
A ttach m en t
P a s s
Fall
P >0.05
27 (87%) 
1 (13%)
26 (83%) 
2 (17%)
23 (97%) 
3 (3%)
Defibrillation
P a s s
Fail
P <0.05
19 (68%) 
9 (32%)
21 (75%) 
7 (25%)
25 (96%) 
1 (4%)
No Shock
P a s s
Fail
P >0.05
15 (54%) 
13 (46%)
17 (61%) 
11 (39%)
15 (58%) 
11 (42%)
Check Patient
P a s s
Fail
P >0.05
20 (71%) 
8 (29%)
22 (79%) 
6 (21%)
23 (89%) 
3 (11%)
P ulse R estored
P a s s
Fall
P >0.05
14 (50%) 
14 (50%)
12 (43%) 
16 (57%)
18 (69%) 
8 (31%)
Q uestions (Aii Correct)
P a s s
Fail
P >0.05
11 (39%) 
17 (61%)
16 (57%) 
12 (43%)
9 (35%) 
17 (65%)
P = Chi-Square
3 9 0
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